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JJJU 



CjL-uLuS 



^ W 








(^yic ajjLUI 4_ijjJ,l 4_iiLjJI jjlj^aJI (JjjkLl! (jylg-tl 1-jJjJlIIIj (jyJ-flJI rtuiltlLI LaLtll 4 iriiiiji,! ^ 1 1 n" 



CjL^>.jILU A^e_uJ aLaTufczl IJlA ^LlJ 4 jj-a-*-!! JJ|j-<-u 4r 2^^1'J.I 4ji^t,lj 4_l1A]Ij 'Lu-STJ! cJljLiijJI JJt-iIu 
<JJ>jlj-a (_yic Lul j J-aTiAJ (J aL^SLLa (j-^J - i ^ >1 ^l J^* 1 - 1 4^ p-*-" ^_ < 1 1 .aj (_jJ-ll ^jla^JI I Jl4> ioL9 (jjJ ^j-* 3 S JuJ . nil 

■ Lg.1 ;^ a^oJlSiII JjjJI t_al <^i t, JLG 4JL1I 

*> a J 2j II 'LlI^jJI k—ijL^rJ! *_a (j fljj 4_uL>ijj aaiaji tc_aLLI! ^j^U'ia p^.p .^.".t <LaL*JI Sjljj! i " i La -^ JiJ9j 
4jI ua.La.jo A^\j=u J-aJtJt (Ji-"-" ' iHalLa j^aUo 4jjJl>- 4_LaJLc l_<_JL_uI Jj^j ' 4j-ujJl.'JI Tcal^dl $.l_Li A_ 
«J_l£=jJI (Jila-i i^jJI 4_iiLajJI 4-il^.U j-uLiil jIJlC.1 pjj-ifiva £_ fljIaJJI oJJt, CcITloj Jj9j < d"l ,IU", ^ ^lLTl? 
tjj) i ii Jlla-l ^ La ia> ■ (jL><J Q^~~ ' '"'"' (jr^- L^"- 1 4r J- u '-*-^' -J*-*^*^ ^j ' 'U_o j _L'J I ?c_al^JI *LL) A_ 4_u_uL_ujl 
(_£Jl!I ^La-til *Jsl_aJI *-a 4-La-ltJI 4jJjJI Jj^ljjj ^.,-ljvj ^^i^il <_<JjJi2jlj 'intl /<ulUTlU 4laL«JI 4 mmjJLlj J-a-tJI 
j '^— >| ^—ljjJlj py-aljjjj *> I aL^au a iSjJaJj AjL^III ^_ (jLitill <>Ju4> r-j^ejJ t^a-tJI 3j-" '** ''^"'^ 4jisj^3 

.'Lu_uL_u J I d'il ilU", a ( _^lL>iJ 2— 4_UL^Ij J '^— >| a i (JjJJlII (jj I il \ 1 al ,^.",tl 

'UlLSIlI! cliLtl^aJLl cJij_i^=3ljj _L)^_u /o i ii^ ^jJil'J, CjLuLj^ 4_ujjjJl!l 4_i t lL>JI <?Jui (JjLujj 

^j^. .^.■^■"tl I j^J iLaj^LII CjljL^il ' )l i ■<"'^-»l 4_uLi^= (JjLuj Aj^jj*. diLcja-isj^a 

j^l «dJI jj^a (J^aG 4_ljJjJljJI 4_txL>JI aJJk i±LiJlJ jj 11 - 1 ,* '^" > " (jr^J W_ALlil J 'J J) r^^'t '^"^ LaLsJI 2jl J^flj 
i LLajLllI ^ya ji->iJ ' La ■ •■ ■" (_ijJLj/I_i c Laj^UI 4jj_ajjJaJI CjljL^i,! (Jj-j-a G ^_ j.^uLl>s J*^-* ■"■ ' p j ■ •■"' (jl (J^-J 

.CjIjL^JLI tfjub i—lL ■■"^— I ^^1 -i^ /<uijij (_^jJI ^Jl^— ' uijflj dll S-uial!lj 4Jl t" i n^Lij 

; ^a * jqi ii 4Jl (ijLi-is^jj 4-uvj Li L^la ^j ;, LlJj ■ aXI a LfcjIjLcl (JLc- (j"LajL2JI 3^-^ O' (J ^ ' "' *LU'j 



w_ALm jji^Iajj p j i LgaHJ 4_aL*JI 3jl^VI 







O a J '"' ^~* * j^J^-Sj 4r J ,: -"^' *-j>-j_i J .4_us^jJI 431_L>. ^_ L^a»LL>«J (jr^' 4_ujjL_u 2l (JLa^l 2 I ^j-a j-l!^=3lJ I J J a *" J 
jjj/LlSJI "j J - *-' j J J-JLa-i 7t_i_Lg I <>t._L>. 4_jjJu>JI jjjjLlSJI c—t-dl— ml ^j-* 3 (jl— i-u-l^f I £jJ-*3 La JJ 4 j i hJlI-JI aaJuLJI 

. Tui^La kcj i r< jt I jM-*-1 j CjLlLjjlJ! jJicLi aLlo^I <LujL>JI 
4_J3jJI a j j A ^ JJ isLiis VL) 4 li I" Aei, I (jj/LtSJI |_3j-^ J (jJtjjj) (jyic. i_3jjljJI JJ <L_uL>JI <>ju4> tijj" i n" j 
4 A I", ^- t, I ^uL-loJI aJ j^ I J^_£. 2jj>.j_a 4_>J, <L_l_U2J>J! <?Ji_& ^ 1 si" j I 0-^=> . (_)_c( L—lSJ I A_ (jjjl_LaJI I Laj. <_ll <n~>- J 
Jtj^jlII j I a ^^^-— "^ JL^a 4r o^lieJLl ^ iritl 1 g-JI rL'cvj Ji-JI 4_cjJlll 4-J-iUI CjLl<i^=JI (J^/LlII 4_aj^UI 

J CjLij/LlSJI 4_La_0>l (0-^2 (jr lc ' / ?1 LaJI 3 JlcLuj^s JJ i_3Jl^j 4 i T jiL>JI OJ^Jt, (jLs ^3^-" ^° Jl ^Lis VL) 
j ^ul_uijl 4_J3_} 4_3j_ta lLUJl^= £ Jlj^jjJI J lJij-i^=3lLJ I 4_aiaj| 2— 4_uljj_LaJI '"' Llo^s ]| I aliie 1 ^uLl2JI 4_La_i^= 

.^ul_LaJI S^js^l S^jLjca J ^j-uLiJi ^_ 1 U->.U (_il i m~>.j 1 jM~w ' 

: < _ ;r ik 4_u-u-uj CjiJLs-j Zjuju JJ Ct a, i h°i JuaS <Lj_jJL>JI ^jufe (j-a a^>.^JU i_3i JufeVl Jjjrt Vit 

•(JJ Lta ^ 4jLJ j' Ji '"' a ' "^ ^ J 0-"4^aJI /«JLc CjLlu/Lu/I : J aVl 2 jL».aJI 

. JlJ^jjJI j ' a-i-t^alll (JL^=-a ^_ 4LaL>. 4-ilaJtJ| (jr >-ljjJI ^_ (JjjLlSJI 4_u3_Al 4^j_ta — ^ 

(j- 1 a I kill I ^j-Ll Cj^Lj_a^ejJI (Jji£. J (^LLaJ^jJI J ^5>ii' d ^'"'' CjI Jl>._oJI Aliij 4£jjua — Y 

.4-LlL-vj j ^jjjLLaJI I Laji jjL^i^a ia^ta — T 

.jjj/l_LaJl d\ ^> I 3j_iLta 4_La-(fcl 4^j_*_a — £ 

jj""jj ^=3L-JLl <4_uj^aJ1 Cjlj 4_ajL2JI 4I3 mljj 4_l>-jL>JI j 4_JL>-|jJ| jUj^l j JljJa^l (jj/LS: iaJlaJI SjL>._aJI 

i>Lj_iil j ( RTD ) 4_ajLa-U ( (_^jlj^>JI rjj-II <CjJp^aj_apJI a\ JlJt" hiLi ajlj^>JI 4^»-jJ (j-uLj^ : 4aJLiiJI sJls-jJI 

.(Thermister) cii>L^^il 

,J_aj>JLi Sj-iLtll j (jjj>jj_) (_)j_jjI iCjj^LajjLlI aI JlJt" 1 11L) (JjIj i ntl j CjljLiJI JaJLLa ^jjjLjS: 4ju| jJ\ ajL>.aJl 



4-allse 1 1 4-l^IajJI ^jj/LjS ^jJ^J iaLiisJ c- \l ^ 1 1 j" ^jj ^-. j , „ ^| JlJt" < uLl 4j^isjJI ^jjjLjS: 4 ,„ A A.t| «jL>.aJ| 







i (Venturi ) (^j^Aiill 4U ml^j JjsjlUJI a jo^-i j i^jL-U j ^I^JI (jLj^JI icj-^ <j-"Lf9 : Sj-ujLjJI SjlvJI 
CjjJLu ujj_ijf <(Hot wire anemometer) ( ji^LmJI ij.U_l.JI 1 (Rotameter )j_ T usl_3jj 1 (Orifice) 4__>j_jJ I 

. (Pitot tube) 

(j_iL_L_JI 2j_^_-l jj_a jl^_- _)___u ( _j_3_>JI aj_iL*J,l (_)___=_ (Jl Lxulj £^>-jJI jj_=__<jj 4JI Jl 4j_j__JI 1—->«J J 'j-4> 
_L A__jJI t_jl_t_u_-l J LgJ*ljJ9 J-lLvj < LJ 2jjL*J,I Jqf < aj^^-- , l <_lUj ^-1 J_J_1__V 4^_;i_e___JI __I_J__>JI A_5j-«I 

.(j_il_L_JI 



si--*! (<ut;t-u r_L<w l_UJl_=_j U Ll^JjjjJ.! __LjL>.^I «_a Lul JJI __L_U_1~VI (____. S-u-LjJI ojufc J « __3 dUJ 

J- ' a *" J ^~* i -^L a >Lt-o ^JjC (J J L^sell I j La a \1 A", , „VI 




.^ irT>p II 1 1 1) n i llrj -c^ i n II p 1 1 n i 1 1 rin In II niiiinq p II 



uULull 



^jo/LlSJI ^l^. CjL_<_uL_u| 



' Lo^alU J JJ^jIiJI (JL^ejO £_ 4j-aL>- <LJU-*JI (^yjfc-lj-LJI £_ (JjjLlSJI 4jq ifel ZJSjjua 
: <jy lc SjJuUI tiJjjJ (jj^aj Ji^iitl I jufc (J I fl'^-il JU£. 

.'/.\ ' • 4-LL.oli SjIj^>JI oJub (jLSj! Jl <_ijjuJLl Jj-aj (jl Ju^HatlfliVlij^iufc* 

■ 4-a.bJe^ (J-uLlS Sj^>.| tSilf I mil JjLwjJI 



.iJL,LJI c-JUjJI j-j-^>. /yj jj.^ La a^jj^ :3jlJi*JI uLifadU 







4_»-L>ij l_$-il Cj Jlj>-j A_ul JljJI djLt-.d--v.llJ2 ( (jl_<_u_) 2I I fl)j £—'< )| ^jjJ! JjV ' <JjLt^ijJI j-a ^j^uLail j-pAJ 
J 4_Lclj|jJI 4 _ 7 _iislj 2 1 CjL>-1 ( rid JlJJlJSO J (j-^=l (dU «. I_L) (J-ILa (Jl Q^ VI j_a j_<il^= j J a *" J A^JTiJca jj^ujLJLo ,JI 
j Jl_JI 1 a ^-— J fljJJI JlJ>oI J a£ .4_aJtiiei,l aLpJI (jjj u' (j- 8 "-^-^J-^ J 4_ul JJlII jlj-il J * I mtl 4 uajUU 
L^jjj^l j ^ (i a i"it I (3_jj_ilu j^a (ji ' " 'VI " *"' ' ul J (.(Jljia^Lt (j "^'1 S^^-. 4_l*j_lLi]I j fl>|alaj| j^a Lay- 1 ^- J P-llg VI 

.j^ajJI (j-uLi^ 4r **il)VI (Jj ' <a a 1 1 j j <i iitl Sjj J j 

' '- ' ' J±2 lJ i '^!^ J (Jaiul p-^-j-> A_uj/JtI-JI Ajittl 1 aJuicja -^ j ' j^-* aJl2j j^a ,«JL*JI aJ(j i"i La jl 

4 j 1 ul i ua. j A—ukLILa 4-J9.} JJ (Jj-i^jJI (j ^— » af <^.._l>- 4 j 1 hJlI^JI j-oLaJj j CjI Jlj>-jJI i a l"-»^ ^jj/LjS «j ^| j 
.4_ajLa ^£-j i (i ) L^LtlJh ■ j oLtiajJl jJlcLi aLuLI! 4jjJu>JI ^uLtaJI sj^>-\ jjjJLa-i jtiLol j 4JUL) 

JUjU^I J b^uSyQI JLftrf ^ Awli- j«Luill Am&I AfljJW 

Cj LlLjjlJ Li 4_^>L>JI 4_L4^=JI oLaaLt-all Jl_l>-jJI j J L.aJL I l_Lt ^ 1 ^ 1 4_uLjj_LaJI Cjl_La^=JI ^ul_^ jj 
i_*Jj_^tjj j_iiuj^a S-LiisjV 4_LLLa jl JlCJ 4j_i_fl> JLc CjL-uLtaJI j^atjj c 4_uLj3-J-oJI CjLc_a-«J>J,l joJLc IL. 4^iji=J,l 

JaJt uai I ^j " LlS j tjj-ij^ J j"*" ^r (J"-*"! 9-^ i^~~* ' TTJ^ ,_; "J," " Ly-^- 
:<J-ILa 4 j 1 iiL-u^l 4_uuj_LaJI '**" Jjl*~~' cy"'-^ *J 4~*~ 3 CjIjJI j_a (_i_ujij_a> gj-a-t-a (_£l jJL-vj ^1 ^— 1 ) V 
(JlLa L^ug I jLallcl j 4_uuj_LaJl di LLa^aJI tfjuk j>s ^j" ("1 a jjfc La jl 5jlj^>Jl 4^»-jj j j^ajJl 1 4 l".^-.tl ( ^Jjt-.!! 

.^jLalt (3^-J^Jl 4_La^= j SjjJLIJ i 1 LaJt (JaJi ( ajJLtl ( /«^ej>JI 
3L-" (_r-^- t -^J>- ;e ^i' (3- L1 j-'l N J "i^* (*J>* '-"J i -^-t! :> - ,_^ ^ *-Q J~ "J °J o-°Li^' *j-4 :> '' Lr^- < *-^'- a VI j^a j 

.2jl^>JI 4j*-jJ (j_ul_LaJ (_jjjj-" i$_J * '"' iSj-z*^ 3 L^- 1 _J O'J^*" I ** ^~~*- n ' " ^rF*" j < *- 1 9- Ll ' (j-^ ** ^*J * ' a a 
4 allie 1 1 ^ul_LaJI "j j - *- I J CjIj^I aJlJt" i uJ <>t._L>. Jjj-uJI j (_a_Lj^=>TiJ I joic. A_ 4_us L>. 4 ja ^1 ^uLtalt j 
J Jlj^jTiJI J (_i_u^=iLl'J I [«_lc ^r- 4 j 1 nL-uVl 4_uuj_LaJI CjI^jJlLI.1 J 4_ijLll Cjl—La^sJI *_La_>. _Lj_L>o j ,_yuLjS ^_ 

.4j^]ajJl — i 
.x-jLal! (JJ3Jtl!l 4_ui^= J ic.j_uj — 

-t. 







( 2jlj^>JI <Lj>-jJ ( aj_5JI i J a La 1 1 <J-IuJ 4_uuJ_l2 4_l<i^=J ( 4-aji.t.fl ) s JJt^ta d_^_u5 JljJlJso j^k :^jjjLl5JI 

.(jj/LiJS jLg-»- 4-La i "Ij; <-lU J J *-jL«JLJ Jj^JilJI ^-i^-— J <Ulj i ntl i JaJLuaJ I 

Jl>-IjJI (jLs </<u-u W j! Jl>- pLajjl jj^~~ '_' LoJlIc }1j-<i^ . 4-Li.t.fl JlcIjJS LJ jj-«J aI Jiitlj-uL) jl AjJJlC (<uuL> lLUJ 
4 1^H <>ju4> (j^a a Jl>-j ^V j^k pLflJj^l jj^~~ '_' <UL>JI ^jjub £_ J J La I ! <Lul».j_U jl AjjLLijj^I 4 y^l j_4> Lab (<u-u 

A_JjLaiLl J ■ ^^-» tl j < ■ »".tl 4_5j^Ia <UJJLC (<ul5j (J[>»J t— 3Lllo I J f-LdJj^fl ^j^l j.l,lCl? I 4_2jj_Li ^ q i n" J 






^Lui/LwVl AxwL^I uIJl^jJI ; ^UJI Jtaill 

j-^»" j c^Lk^l f L ^ 1 Ji tip*' 

j-^-»»t| (^LLj^lII .aliaill Jl l£H^' a Hal] I <>o S-^iJaJI CjLu^aJLI CjVjsbjJI ujL^o^ — Y 
./ \ • ♦ <j-mJJ Sj,l JL^JI ojufc <jUjJ ,J\ t_ljJilll J-t-aj j! :U^lWUIj^l^^U*4 

.(jn^^tl j^Uflj^JI J! t^HI f U2^l ,>• JLiliUI J^f^I JjIj^- sSdAUai JjUVI 






>M 



) .r 



uLuLitl 







aJlst" i .it I -i^~* ■ 1 i ii <j-3 ^_ (Jot" mj ( j-Io < p «^~* 'A 'Cj t *i r, f /<uu ) 4 flJuie 1 1 4 tl^-. .".I i (j^j_tl al kill La 

(_>«-ftJ eJ-stUI CjLj^oJI IL. j ( 4_jJ9j| tjl laJJS £ J_La <aJlJ9 t ^-i-^J ) ^ Al'Vtl dtl^-, ^Lj ^J—lUo^I j>I talll 

.jl Jtiil j 4_a_ui]l <^^>- (j-a I^TtLrsJ] j L^=3Jj_al (j-U ' * I" ■*■ ' CjI Jl>-jJI oJlA ^j^ 1 1 j AjJ-lLvjVI CjI Jl>-jJI 

(j ii o-^. (--A 4-LmL-u^l cjI jL>-aJI (jLa ( ISO ) (— mL2JI Jl-l>-jI1! 4_JjjJ| a a ta ■ 1 , 1 <j£. cjLj^LlJJ ojl>-^ LliL 

(JjJl^>JI ^_ A^e-iisji,! /, fr 4 j i nL.u 2) CjI Jlj>-jJI j .CjL_l<i^=JI ^j a j u ^-» JJl^I I j* a Jj" i"i I (jl ^j^-— a ' CjIJl>-j 



>jjl 


4_li_uL_o j! 4_luLl2JI 2jl>-jJI 


^ uLlSji «Jl>-j 


fZjl\ 


Meter 


(JjIaJI (j-uLfS sJljwj 

Length 


>" 


) 


Kg 


2l"^-i tl ^,,1 ,~a, *, i-^j 

Mass 


flA*L^= 


Y 


s 


(j-ajJI (Jj/I_l9 «Jl>-j 

Time 


4_uLj 


T 


A 


jLlUI a Jt^i (»jjLl3 2 Jl>.« 

Ampere 


^hh^^ 


I 


K 


2jl^>JI 4_»-j.} (jjj|_jJ9 2 Jl>-J 

Kelvin 


CyA£* 






L 



0(j 4j 4j 



^oUI 



U> 



^aj 



( ) ) ^jj> 



<>t._L>.j ;_gj ujju] a I taJdJ LS-Ja «L-La (J-J9I J j ' ^-»' 4_jJ^ia CjI Jlj>-j ^_j^ Ll2J I ^ILaJLI JJl>- 



(j uLlSjI a Jl>-j pjj/l «Li I Jljj (_j^sL>- ^-^J (J-"l Lr^ 3 Lr^~ 3 3 ' O- ' (_r i '- c '3^J- a *J (*^H T "< 

\ * = (j-u^(l ^ ^xll «Jl>-j = j" o"i i ii tl tjjlila 

:ClMi1 i n'tLl 4j^sL>JI jj^ajJI J ^£j JuJtJl a UaJdJ Lajja (^r^-u LlSJ I ^pi, I (j^a 4 Sj uj 1 1 ^jjjLlSJI 







>M 



) .r 



uLuLitl 






(jr^^P (J-llivlI 1 


>jj> 


a Jl>-jJI 


10° 


Meter ( m ) 


J 1 * 


lO" 1 


Deci ( d ) 


u-^s 


io- 2 


Centi ( c ) 


JUlm 


10 ~ 3 


Mille ( m ) 


iJL* 


10" 6 


Micro ( (ll ) 


3J^=^ 


IO" 9 


Nano ( n ) 


y\± 



( Y ) ^j Jj„ 



t^jjJI a Lkiil I £- iSLMI CjI Jl>-jJI (_paju dr^J (Jj^^ <jr^ ^° 4r 



0£9 i = :I!, 


>jJI 


2 „L>-aJl rt-ul 


JlaJ! 


Cj/a . /«Jl^= 


N 


lP^tH 


2jJi]l 


f ■ lP^tP 


J 


Ji*- 


Ji^J! 


^ / Jj^ 


W 


CjIj 


ajJuiJI 


jj_Lal / CjIj 


V 


cJjii 


^L^^JI.i^JI 


j_<_t>sl / oJj^ 


Ohm 


Ajl 


2 ■ >j ^^ tl 2 fljl Si 1 


Y / • - • 


Pa 


Jl^.nL 


,Ui.MI 



( V ) p£>j JjJ-^ 






>M 



) .r 



uLuLitl 







: ( £ ) <£j (Jj Jl>- £_ Oe-iisj^a (^yjLLaj^jJI a Hal! I 



(- I I il~>- 4. 



2luiJL! 



L-Vl 



LSI I 



.yi 



>jjl 


2jL>-aJl a' JlJt" i hi 


2 Jl>-^jI 


pkjl\ 


ft 


(JjiaJI (j-uLf^ 


aJu3 


\ 


lb 


2h^-,t| j„ 1 ,« 


JlJjLi 


Y 


S 


<>9>JI <_>^L^ 


4-ulj 


r 


A 


jLlJ! 3 ji_£L |_^uLl3 


JH*^ 


I 


F 




O-J^j^ii 





lbf 


3 aJUl |_j_uLt3 


JlJjLi 


1 



( i ) (<klj JjJ-»- 









>M 



) .r 



uLuLitl 






j*Ua)I Ua£ J udu) I J*aAl! 



. L^-LlLvj j (J^LlIII -lU^t jjil ,^, a -<fcf iajjLA :3jlJi*JI 



lA^jjua ^Ic SjJlSJI iAjJJ jj^"' J-uaAJI I jufe JUl^al Ju£. :^lJAtfl 



:/.\ 



* * 4 I ( rl M 2 ) 



ij^>JI ojui. <jLSjl J J <_ijJuXI Jj-aJjhU^lWlfliVli^L** 



Ij 4x.L^o : uj) JulIJ {J^Iil ula^JI 



LgJLLvj x_4 (J^LlIII Uaj. jjil i^a ^^Ic iJihizA iiflal tSilf I dill JjLwjJI 



.i^jLJI (-.uUjJI *-x*^ 4- Jh^ ^° <^>*-< 3 :3jli*JI uLdlaJw 







4-a-~i i" i n t, I 2jlj^>JI <L>.jJl^= 4_uLjj_ta 4_Ui^=J 4jJJu«JI <La_ui]| ^-Sj-S l^^^ *j 37" .' <J-"W^' **J -T* 4j9.i jjjjLSj 
*> 1^— » '■[' a « j i U 1 Luj 4JL3 i La -- SI »j) i n 1 j .4_uuj_LiiJI 4 «a_i-SJ I <?IxJ 'LiiLt-iLsJ I 4 g_^SJl ' O-ijjJS La I jl i _yui_jJiJI /yj 

4_JLjj«J 4_SjJI <L>.j.s ij^ iilJ jJ 4_jJ1 (Jjj-sjJI ^j^— i o i ^?j Lj/Lj/I i_3^jl>s j-<£. 4luLuL>JI iLjjJiJL) ^ <i i nj La jjLa 

.(Jj/LlSJI I Laj» (jrLi <_^J-J-« Jjji (_LJL>o Jl LjeJL LiJLa LlUjJ i LaLjj 2 JJl^cjo j_i£. ^Lual (jr 4> (Jj/LlSJI 

: 4_JLlII aJjLlaII L«jj a-i-uLHI 4 a-ulll j S-lS-lL>JI <L«_ui]| ^j-u 3j-°^' ^' cr^ 1 o^W^' LLai>. i_ 2jj«j 

*j— *" (J a La 2 J La ■ •■ " LLa Jljt" i ul ^oJ (j-\_*JI a I Jl^-"i i «u pJLa ( * i 1 ) (j_a^_t^3l 4_OJlC (*;t2 (jjjl_iJ9 ^j^-— » i ) ^ m 2 
J-Sj-J _oJ ^j^— J ajJa-mXI (j-u-o-b jj-^L L$-<-uLjJ3 I **' ::: — /| i ^La <_lUj (j^a <JJ92l A a-t2JI Lai pJLa ( * t ^ ) L$J (Jj/LlSJI 

.^jjjLlSJI I **^-» ^ y j" a a) ^a^a LbjJ 

L^jJJ (Jj_i^5_aJI ^j^— » ) (_jjJI 4j9jJI (j-« (JJLoj Lj-4 ^jj/LlSJI Sj^>-I p J -1 uaj ^_ ,_L>.JiJ »j «»^-» J^al^c tiJLLffc 

t^^yL La (J^al^tll oJJk <Jt\ ^j-« j .(jj/LuUI ^_ I La^JI ) i_3j_*-i La jJj^- 1 (_y^'-^'- 1 J 
jljjJljJI j j_jlujJU (jr-Li jl(j^1l (jjjLtLa 2*1^9 ty^- »jJ^2-!l J -»1» J :(jjjLjJLtl et.il ?*JjjG aVljJ3 (.y^C- »jJ^J! — ^ 
(Jj_la x_a l_OjJa I 1 1 uLu jl_£>JI ^j-ul jria a* lj_^ ■ [g ajJ^SJI ^ J^a 1. 1 1 uLlSj j < 4_lIc 2«.Ij_2JI 4_iJj (j ^~~' -1 1 1 
jJ-^slaJ (_P-II ajL^=ji,l ^LSj^l JJl^. jlj (Jj/LlHI J_als jlj Lii^=J .CjL>ojJl1II j>u iaL^J,l j jiiLIi j (Jj/LlHI 

j-iATlII <La_L3 J jjI/|jiJJ 4-ll3->Jl 4^=j^>JI ^j-U 4 i 1 nitl L^JI (JLi j J7~ 4-u^l 1 a> (_3jJU : jLj^>JI Sj ,„1 , „^. — Y 

.^Lis ±\jX\ 4_ui^=JI 4- 

JJ J ir\\ ii_po 4_L>-I J ajLii^f aJjL^ta 4-a_La ^^C ^j- C i a jIJ Jl>-Ij jLg->- ^Jif.\j£ (j*-i 3j-^' (jr* : * J ^ ' ^ r " ^ ' — ^ 
^j_a (,-ic I (O-J-2 J j-t-Lgi I (<u-2 ^j_a I JljJ <>t._L>.J ^j-^^l »"tl 4_2jjJaJ aj_ a j JljIJJIII 4^jjJaJ Sjjs SjLfoJI OJJt 4-a-Lfl 

.(^IjlJI (jr Lc A-i-uLm 2jLi^/l 0Jl4i 4_a_i^ 

jl ajlj_>JI jl i 4 j i .ijV-il_L«-t,l j! £ 4_jjjJLI CjI^jjLj (j-C I mi M JlJS j 1 I j^ a 1 >a ^j ^ j 1 C 4_LjLa L>- 4 .Laisellll 

.4_^=_uL^=_dl CjI^LHI 







4 La-L>JLl i_3j)jJaJlj i La » I a J I jl SjIj^kJI A^>-jJ j-cATli Ijju^=3 (jjjl_iJ9 2j^>-l S«.I^J9 ^pGj : i La * < a J I J Sjlj_>JI — £ 

(■111 x»^aJI J j i~njX I CjI«.Ij_J9 (j-\_) ** -^-^J^ <Us}L»JI -SL^jJ A_tLi£. (jr _4> (jj/LxSJI jl j-*- SjjLta :isj_jL*J.I — 

j" >JI a j J~- * Cl-liTlU I (J^U>- (j_« CjI«.|j_2J| f. I la > ■ ^_ (O-AI mJ (jj/LuUI aj j - *- 1 p j a Laj (jl * p j n uaH) I — \ 

■ LfejLla.1 -ilj-U 

jmLulII Ua£ JdkbtJ 

V j 4 iLtJa '> <J-"L»J9 *j-4^' aI JlieluduL *lj-»- V! (Jl^jlsl (j-"LJ9 /«J La I jl (jjjLiill '£— r I Laa.jfl (JjJ-23 ^j^— i ) 
Jj-Jj^a (jC I _$' 7^xa (J uLjiill (jl JiJ-2-l (jl Lse-LSej^a (j-"J-J 4jI I i ^— ■ j i *-— I (JjjLjjS 4j9.} »j i » I aJ I -• 1 U» -s. V I (-1*3 

IL. 4_uLuL>JI 4_q_l1?I j I La^JI (jl_i A-jjlU 4j_ial]| Jl^»-Jj 6-^=^ • L>-- L ^-^ (*' j^ ^~- *JJ.' ^~" J-i^L>JI I LaJJl 

t^ VL^= i_ Sjju j LLaicU 4j_jiil 4 j i nitl ^ a i u3 j jLpg. al 

E = — x 100 % 



Uutll 4^*111 <U^I E = 

4_uLuL>JI 4_<i t l2JI 1 == 

4_uLuL>JI 4 1^" — 4-ujLail 4 1^» _L/ — 

.( /oJLs ) ) (^J^L V ^Joltl «j l 1 1 if.\jl 4- LkiJI 

.( /<JLa • t \ ) ^JuLb V ijJj^II <-^l J 4^3JlHI S*IjJs 2_ UaiJl 
o 

c^L^=^p-«j-«^_<iL!L) I j i uLiJa j*lc. j 4_uLuL>JI 4 »_l2j| (^^ ( .» ^ * ) j^JI 2jIjj>- 4^»-jj ojL^= I jl I <>» J 

o 
:(_,_& ajlj^sJI i>.j.i 4- tlaitU AJjUl Sjuiitl (jLfl ( a U ) 

" E - " - '° x 100 % 
10 

E = 10 % 






j - Ua)|3j,^-J3j,jU«: jjIjJIJ^UI 



j SjjLtU i_o_jjju <«j_jL»J,I 4 J-o-Al 4_3jj<^a <_ r -l£. SjJlJUI <-1LjJlJ jj ^-— "' J uaAll Ijak J-T'^-— J LaJtJ£. {UlJ^Jfl 

■ A-u_ul i n-stl j 4j9jJI ^jJJua l^jjua till 



./ \ • * 4-iL.ai) Sjlj^>JI OJufc tjUjJ Jl <_JjJlLU J-t-aJ (jl JU^iktUliVll^iittJ 



Ij 4x.L^, :uJ)JuLlJ{2^mu3jJI 



.(J^LlIII aj-4-^-l <j-a kc^Zuo kcj^xja X&Af I llltl JjLwjJI 



.iiiLJI c-uUjJI *_.u^ 4- J*-" La <^>*-« :3jli*JI uLdlaJw 



A \. 







-ilj-tl CjL_ui^=lII j j_iitil CjUIj_J9 (j-L_) 4 j-rLtlajJI 4_J9}L»JI -iL^ijJ 4_jLi£. ^ fr ^j-1 .taJI iij j-*- f Sj_jLta 

oJl-J f-^J-J-J (jyJ- 3 *- «(j^J*lj-2JI lT^ 1 A^^^-C J -T* j ^->^-> LaJI S«.ljJi]l (j^. «GUIjJ9 Julj jl ^J^9 i^J^o ^J^ lill j j 

.<LuLuL>JI (Jj/LlSJI 4-<viS ^jj«-l 4J9^L»JI 

Ja-i La /<u_i (j! (JJ-S ■J— i-Lt-o 4_uuj_La <*_ui^= (JjjLloJ jl j-*- (_£l ^vo i -•*" ^j ^— » i ) 2 «LJI J^jI mJl ^j^a j^iaJ 

J j_i!u|i,l CjUIjJ9 jj'V *^^-*-J' -iL^jj (j ' ' ""'J (jr^ 3 *- iJW^ J^*"' jW^ l£' f-" ~~ ^Jd^*-" ~~ J i^' i-^J-Ii CjI«i|jJ3 

a_1ji 4->iJ-j J^s <_p.ll ^j^i-VI cjI^jJiIII cii-Ljjj LiLJj <ja <>i"n j 1 j uLJa jIjJLI 2j_L*ii,l LuLjj-lHI oLl»^=JI 

J jL^>JLi Ja_L>Jkl <_£jj>JI i Laj LaJI i jL^>JLi Ja_L>Jkl _a^><-!' ejl_j^. ^-J- 3 <— >j> i«*ill 0Jt-£> (J <l '""< J <<j^Luill jL^>- 
<j_a J-^=jjjLj <JJ 4_aLiiVL) OuLZLU CjUIj_HI <>_i C^J9_oJI i dJj £=> j jl j-*H aJL=-I jJI CjIjLJ/^/I jjJu oUol 
jl fr>JI J Jjjj" j J '^-* < 4_J_aiijJI 4_j»-jJ tA-t-iiajVI 4_lqL>J| i 4 .U^^sJI '"'VI ^-t I t 4j untiliHI CjVLsJLI 

.jL^>JI (^jLa Lu^aie ui j <j^iji,l ^1 jJaill ajj'j <cjljljJLa>VI ( i^LLaJLi 
jl Sj_)L*JJ «.l_<j| 4JLujj i_l>j 4_l>-jL>JI CjI^jJlIII <j.a <_£) JJ^*^; <jj 4r ^d^^' ^ o-"4!^' 'j-^-* - ' r > ^ r " < " a d\ 

?e-LSe-uaIlij 4^ajM-I' CjuLuJI (JLc. Jia ua^eH 4_i>-^( (_)jL>ij s.ljj>.| 

:/_A j 2jjL»!I ujjL>J «.Ij^»- 2 i_al Jabi I Jlc dJLLib 

4_a_L3 aIjJlJI (jrlc. JLjJejJ jL^^til 4_L>-I jJI SjLifu^/l J (JjjLlSJI jL^->- »*lj^ LTV c5>^ U^ 3 '-^1 ^° A^H'- — ^ 
(J pJI jl_^j>JI r I Laa» I (jl i-t-^P" ' 4j ?-j;<i i rit,l LLaiel! (- »^VI Jlj»JI iajjLA ^LlILi j 4-u.t.o 4_l«^= (j£. LajJ ,J2j 

.4jIj^»-J jlj-ll jLiTl>-VI jljLIJ (^yic A^litJL! ' a-Lala j ■"'" ^J\ ^±jj-i-u Jlj>JI I Jui> q£. J23 
.jL^>JI ^L^sual JijJl»- IL. LiiJi j 4_L^=L<j-a 4j-j.} ^^JLcl ^l *LLl>-^I ifljjw — Y 
jl j*^-" Lr^C- Cj^LiJl*jJI «.Ijj>.| (J^-l (j^a ■=> mAj (JjjLloJI jl^>- (jc diLajlt-a (JLc. (J J La->«J I — V 



.u. 







.( *dja\ ) ejjjjiaJL ^J^tb V »j 1 1 1 eeljJS IL. LLiJI (jLa dJJjJ i ( pla ^ ) AjjLtll Ajpll »j 1 — 1 . 1 

V 

4 I I ill I i|-»i'l O 

J-ijJLl i^=JJ>- jljJLj =M 

;...isti a_u^=JI4 j; :-.ti =V 



AY. 




.^ irT>p II 1 1 1) n i llrj -c^ i n II p 1 1 n i 1 1 rin In II niiiinq p II 



uULull 



JI^LVl oo/L^ 






J >J 



^ .r 



uLuLuJI 







(Jl SCj9 ^_ (JOU lalll 9 da ■ iJaJI CjLlL^C A_ "j U ^— > 4_L4-&I j 3 rt iii-=rU 4j iiiJl.L.11 _}[_*_) 2 I jl ^jlj UVl ,j..l jJL] 
: a I jV" i iiLj aI i ii-v^U 4_L3-jL>Jlj A-lLvIjlII jL*J 21 CjL-uLlS JLLfl-oJ aLuLI! f^ljui SjLvjJI i?JLA £_5 



\t 



.4_uj_^!l Cjlj 4_ajJi!l Sla^uljJ ,*! <m->->U 4_l»-jL>JI j aJLjJ jJI Jibuti (J-"LlS LuLi^a 43jjl>s tSjlJUfcll 
(Jl i_3jjlL!I Ly i^ SjJlIII i-LbjJ jj^" a Jls-^JI ojufc J-T'^" LsJlo£. :^|JA2M 



•u 



Lk:L_u :uJ;:LclJ j^Hlu^JI 



.iaJlstx* <_*-uLjfj 4_uJuta *_LJ9 4 'LujjJI Cj! j 4-ajJLI! ^ys pl^JI S Ail tSilf I mil JjLyjJI 



^» 



JljfaVl j«Ll9 



*M 



) .r 



jLwLuJI 







4_l>-jL>JIj A_JL>-ljJI JuuVI ^jj/LlSJ J <n" i n"t ^_pJI jjj/LlSJI a\ j-^-T («_fi>l Jl>-I <LajJl?l j-p-<3 

i/oJLa ( * , * ) ,J| j<JLa ( * ,S ) ^^\_>Lq <LaJ ill! (jj/LxSJI 4:2.} ?"i!>^i fcjLuaJtl <4- (* jL = r " ' "\g 3^** 3 

TTjJ^-i 'LjtS j .4_ujjJI CjI j 4_ajJiJI ^_ ioLc (Jot" i nil pa_ ul ^j_a 4_ujj (_^il jiio ( l ~ Y ) J^—* ■"■" L^V -1 J 

j" oj" ' i n (J ^— i Jl-Lc /CJ_apJI (_^j^>ij j I^LojJLo 5jLJj Jj 4^a ^Lc (J^= lA- 1 ^' ' nU 3^^"""*"' t>t.-L>.j /. i im\^-II (j-ul jiiU 

Lul JljjI LpLu 1 kaj» 4-J ij|-^ 4-ajJsJI (jr-Lc -^J-^-J-l' (■> ' "j\pl (J-uLl2JLI aLoI 3-4j-y l^ 1 -^ 'LJjJ-^ (j-ul jrt a Lai 

LOJl^I ^ ->^> uaJl /- i nj'Jj-II (j-ul jiiU "■• \j Sj 4jj uX aL-9jI SJl^I iaLiisI /- ^ 4_ijjjJI ^j- 4 j i nLm^l flj ^— > fl 1 1 J 
-ilj-ll 4_uj^>JI ,*! m^l JJmJ JJulJI IL. 4jjL-ula dilal ma ^J\ 4_uj^j| (j^/LuLa < i u 2jj esljjijl 4J3.S »-iLj>^ liiljj 

.L^jJJ 4_ajJi]| (jy ic aJj^.jJ.1 dllal nit,! Ajj^so 



A 



V 



A V 






( ) - Y ) Ji^i 



,_U= (jrJ-J iJaLuJtl ^ j (oJLaCO ) _"^ JljUVl ^Ija j^y(^ - Y ) J^aJtJI 2_ Sj^^l 2UUJI 2_j 
J^— i ifuJI (_^l j fc»*tl « j t a! i n^l aj i!gg ^IJ 4 i i "S^ 4_JL>JI <>ju4> £_ 4_ujjJI jj^~~ '"' LiUjJj <LajJi]| (jylc <^-Ljj-ii 
,j-a j-!t^=l i^J-j JlJ /j ihj*jJI <j-"Li-5i,l CjLo^J-C (^ Jl3-J fjjic 3 j La -j 4_ujjJI dsLa^ic (^Jl»-J (jl ' La > N _■ ( ^ ~ Y) 

4_ujjJI dil j 4_ajLaJI j^— i ■"■ t^v- 1 L? ' "i\P' >j" i -^ Cy* u5>*"' ^°M-c (_yL- 4_ujjJI ^j-* u5>*"' ^°^-c ^i 3 ^ 

/j-JjJtjJI jj_a ( * ,V ) Jljlj (jr-Lt )«_ 2j 4_ujjJI j a La daa. (jl (JV-* -1 ^ ' J^~~' '"'" M- UJ <U^=JJ *'j->- ^( ' (<s-iiil x_a 
+ Y,Y ) J^— >SJ| IL. a-l1lU 4^oJl2JI <Jaaji|jj Aj^Lill iaL^LI LiU jiJ J «JLa ( ♦ ,V ) j_gl ^UJ>II J-^= 3 J '"J l5^' 

.^( Y,YV ) = ( *,'V 



U 



JljfaVl j«Ll9 



*M 



) .r 



jLwLuJI 







Xuj^l fkliiuwU Jbjtfl jaLtfl .uiu >-uS 

./oJLa ( * ,A ) {_ys jjL^=a\ (j^J /< i "j\>^' ,j„l j* ^lt jJaLHI 4_ujjJI ^j.Xyia (_y^- A "V Lh^- 1 ~~ ' 

.joJLa ( VA * ) j)*Jl*~A Ajj/LHI 4-^.lHI jj^-— "' a ~ i 




2 4 6 8 10 



0.05 mm 



( Y-Y) J^i 



^Vt«a i^jjW l^l.ttl j Urttl ^..Lrtt ^->"H Jl£.| - 



w 



dj!>!jiUj^yi:^JliJIJttill 

.jZLajj^aLjJ,! *ljLsr"mb jLtJ^I <j-"Lf9 4_uLi^= A^jjla :3jlJWfcJI 
£3jjl>j ^^ sjJlIII LLbjJ jj^"' J.^Atl | juk J-T'^J LaJu£. :^IJA2M 



.« Jl>- 



Ij IcL-u :uJ;jLclJ JJ^HluifljJI 



■ 4-a.bJ^a LuJut^a «-LS Jj""JJ^— ^1 *3itf I dill JjLyjJI 



u 



JljfaVl j«Ll9 



*M 



) .r 



jLwLuJI 







^_ «Li a«.ljJa!l <L9.i UJ^~~ HJ ' 4_^>-jl-><-ll J' '-" a VI (j-uLt9 4gla i u| aj ^j^— i a ) j_i!uLlII ^j uLxall jl j -*- a A j'^Jjj ^~*J . 
■ 1 ^ <l Ar i >i JJ jj i i ii a jl a i ii a ( _J I at" i nl_i (jljj-i ^jlj (Jl SjJaiJI <L>-lj^< I ^Lajj^aLjJ, I (Jj->.J j I lo-l L o ( * , * W JjJl>- 

(V - Y ) J^-* mil (j^-JJJ .«Jl>-Ij <uij (J^ii>- a Jl>-Ij JSalaa. (j i i nil jl a i all lLIj^c-li 




j|j,i ;_Li„ 



(r-Y) j^=_i 



U i » *> * (Jl j^.'"' ■■■^-^^ (jr^ 1 ^/'Ijk ,„V| ^,,1 m p ui2l$ c^JLa ( *,0) jl_a_^JJ S^laj. jj^— " Ji^— .'r.tl ^_j 

./<JLa ( * , * l ) t^gjl i ii \ (jM\ jiiU (j-« (0 ' "^ (J^ 3 jjj^""* ' LiUj (_yic-J Ujl i n" a 
L^-q-Al J^alj^l * !• i >" aj »^-i .1 1 *.] JlJt" i iiLl ^uLuiJl 4jS.i JJiJtejJJ 
■ ^jl J 1 1 ntlj JijjwlLI (Jj/LlSJI -- La i ■■' s-lj" i ii I j ^jljj - ^ 

i_£jJj ^_ jjj/LlSJI i>j^ i La ' i Zaja 4jju jjjjLlSJI <>a^a (Jjl3ejJ i—sLSjI S-LaLS-i ■■ (J a t" i ii"j ^jj/LlSJI «jJ9 - Y 

■jl i ii II a aiaa. - Y 
.(<JLa ( ♦ ) (J I ^ia ( YO ) _j lj>jju=ta (j^LxlII ^J^a (jj^-ij <i_^uJI I jijjj 
<(_L>-I JlJI j La-SJl (Jj/LlSJ /— iawlj "j"*JU ^~*^ J 'Cr^O' * j"'"J!j *"""*- Lrl J~ "Jl? '^~* f" J - ' p ' " S *~J 
,d * * , „ 1 1 j . i-. 1 , „ 1 1 j j njj £— , _, a . t 4 ii i nl, I Cj^LsejlII ^jLu-ul dj=jl ai ii jj " LiJa j" aaj ' : ~~'^ / '_J ' j 1 * ' ' j " ajll ' : ~~ ■ J a 3 



H 







SjLjjJ j <(«— La ( * , ♦ S ) (JjjLlSJI <LJ9.} <(«— La (0,Y0) jILajj ^~~*^^ **l>-^ ?=— ^J^ ( ^ — ^ ) J^~- "' 



•.^VL^ajILajj^aLjdl oVijJa 

(j_a j T^"" ,^.tl j" a-tlU ' (t-LcI (j-« (<s-<-aJLa 4_lL>.| jJI ^jj/LlSJI «LJ| aia mL) (_ 7 _<_u-UjJ I ^J^kiJI p^ . ,.£"n , u^. — ^ 

.pJLa ( *,0 ) = ^jj/LlSJI Jj^aLc lajj^La a aiaa. (jl (_yJ-*-> ljt-4> j <^L«_iJLil i al ua_)l < (JjLjJ 

./<JLa ( ) = ^ i imIjJI /yJaiaJl A-Liu-SlII 2«.|jJ3 — Y 

./<JLa ( * ,0 ) = /JLaj gJl ^ i o-i-a >Jl p^ ■ o2Il!| 2*I^J9 — T 

.pla ( \YA ) =',0 • / ( ',0 X . YA ) = f.jj>. ( YA ) = (J-uLlI!! 2;ljU,,.f ia^pia 3*ljJ9 — £ 

.pJLa ( 0,VA ) = ( \YA + \0 + ) = jIajj^jX] if-\jJs 03^=^ ^^ ~ ° 

jwjj&dl j»IJi*Li/Lj jLutf I jmL^ 

L-uLs pJLa ( Y, ^ I ) (jr a*jL>JI *j LaJ3 (JJljlII (j_a ujj_u 2 (jr >-jL>JI j LaJLJl (JjjLjJS Jl-JjJ 1— ul ( _p3j_ill 

I'LJL'J! ' - ' I J La -•- 1 1 ft "l M ) n \ 



2j_5j J Mill (»JlC 4Jaa.^l a *-« (jl J i i ntlj JjjjjlII (j-u J^>- J^~* '"' ' (jr 1 ^*-^' <—'.>*"' C^-uJ . ^ 

4j r- ja ( . ni l (^jJLl (j-« 
(jl (_£l (pJLa) <_)jJ9 2 jj^~" '"' 'La-LaJI LiLLl (jl 4 fc»-*.\l ^ «_a Jj.<ytJI ^ljjJlJ (_yic 4_i_uLiiil 4 a-LaJI lj-2-l .Y 

/<JLa ( Y, ^ ) (^yjfc J>j_a-*JI tj-JjJiJ (jrLi 4_i_uLiiil 4 a-t^ll 
(_lc /j ilaia i ■■ »' (Jj/L_l5JLI (JLi Ij-5j .a Jl>-Ij 4_ii] (J^L>- 3 Jl>-Ij jjajaj* i_l!j_^L) jl i aXI (jl i La a. ^ ) .V 

.pJLa (Y,^ i) A^uLHI 4-a-LaJI jj^ 1 — "' a (<JLa (♦,♦ £) 4_^_ui]| jl ,", ,,,^—tl 
^jljia-ij/VI (Jj/1_lSJ,I (j>s p i n 1 ^ (J^= (jl_J *j^>- (0 * ) Jl (<u-u^a ) _ / )| aia ■ u » I (JoiLlSJLI (jl 4 IJ«-*-\l ^ «_a : 4jaa.^ a 

.pJLa ( ♦ , ♦ \ ) (_^j 



r. 






:<ji£. 2jJlHI <_jjJlLU ^jJ tjj^ 1 -" J.^Atl I juk J -i'^-j Lajii^. :t£lJkAtfl 

<i>j> ' -^ II ^'jUll i ^uLl2JJ 'Uu_oLlil ^uLl2JI i_JIjJ9 aLoSI *jkl <Laj_t« - ) 

.jjjjLlSJI Sj^>-lj Cjlj.il Sj_iul>s j Ja uiaJ <LaJuJr"i mil ^jj/LlSJI t_JljJ9 CjL»J2 /<ui>l 4J2j-*-« - Y 



n 







Annual I AAJjJalb jmLaU AxwLUI j«Lul1I wJI^S ^LuJI 

(_>^>-l ^j-* Cj1_ij/Ll2JI <LJjL2i jl j-il/Ltil ^jj/LlSJLI *Ij-i-u 4jjl_L*i,l ^jjjLlSJI i_JljJ9 a I JlJt" < ul ^j^— » i >a < 4-iijjJL) 

(j uLl2jI Sj j - *- ■ Ja-ijLa 

: 1 q & (j^;-'-" i-*-" l lA^-^j- 1 (J J ^j uLl2JI < J 1^9 p ■ •■ 2 "^ 

.AjjIjlU (Jj/LlIII l_ JljS . ^ 

• Ujj-JI <j-uLl3 <_JljS .Y 

CjI JjL^tAJ /- a i n"j t 4_jjljILa (jj/LiJS -- La i ul CjI J '" - „~ ' " a L^j'J-^ J^"""* '"' ' o-"I--l3 J"'^~~' (]>£■ *J'- lC - 

ioLcj (j"*-*-* 3 O^W^ Cjl2^~"~'^ i*- -1 **" ' ^Jj 1 "' ' <tljrttl g JJt j_L<yijJ . L$J2^(j_)l *> ^j j i u J I 4 < t «\ <l2Jj_UI (Jj/Ll2JI 

: 'LJL'JI d L_o LuL! Li L^jtlaJLa jL*_il ,jj^~~ *" 



(\Xro) ( ^ (4 i 4 (^)^ ^L^ jyp ^| ^Jl^l ^] - (?) 

( 1 x T • ) ^^ ( pJLa ^ * j (<JLs o ) <>uLa L^mLja ^pJI <_JI^2JI jUjI - (<_j) 

.pJLa 

.pl« ( 'V x Y * ) ^ pla ( o ) (j^a Jjal L^Lls ^pJI c_Jlj2]| jUjI - (o) 

(jLsjjJLIIj »lj" i nVlj 4_ajjL<JI ^j-* 3 4_£jLJ2 <^>-J-S (JJ (J ljJ " C..-l>iJ 4J2jJI <JLc 'j^J**- ' (jujljlljtl "*" ' " j J**"JJ 

1 3jj ''"* ' (_r-^- O"— ' j J^ D ' " 3Xj— '' -*— "^ 'LJLs IjwJj . Lu^iis I •*■ La i •■ a I i gJLa •- La ■ u J*^— ■ j '"'« ' C~po 

, U. . V-tl (J la ^j-\ i nl a 2I £m -»U , „tl ^^_a J ^-. Ciljj <_)jL>iJ J I dlj x-^-jJtj p j uaji ■ ) (jl 2 ualLl ) I p j )La (_)Jaj> Jl 

?eJa ■ ■■ (_ r lc 4 l-r i n a i^j-&3 (— <jL2j| (J a La (J-il<jj (j-ujljjlil ^jjjLlSJI ■ -»■ La ■ ■■ jj^— ' 4Jal mXI (jl A Laa.^ a x_a I Jl^Ii 

(Ju<Ll211 » "^j aJ=3J /—I La 2ll . t» itl /^j ."»"j j A-^.tl i < .tl^tl 



rr 



JljfaVl <j«L£ 
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( 1-Y) Ji^ 



4_Cj_«_3tA 4_!LlA l _ J7 -lc Jus-^jj 4 I iU* ...11 jj.ijL.uUI i_<_JljJS di La i <3 1 j ^ (juiAJi ' Lilj^JI jjjLti) i_JljJ3 » * ■ aj 

<LajjiiJI ^j_a 4 SjLa 'L^-j.s (j)\ N '-"j i«t--i--vj 4JajJI (jy^Lc. Ij j j-*-" ,^2jj*_m (Jj/LloJI ,_,**■ ^ * •■ j j 47-" («jj 



tr 







: I j"^ •> CjL>.j jJ L«_ij aj>.j jia 

CjL>o^?I J_aLta IL. (_<JI^2JI oJLjb Jl^-jjj ( 00 ) j-ajJL) LJ j_ajjj i LxaLa^l i_iJI^2JI ~ \ 
4jt>-lj_a <jius ■ l-^<a <LlluL1 iti>.|j_« 4-)LL<l-l aJl^t'd nlj 4_u_uLl3 4 * ^-* " CjIj_3ej>- 2— . t->£« 5^_jL*Jt!j 

.4J9jJ| <Ll!Lc (J-uLlIII CjLji^ta 
^j"< Juaj] CjI JJl^&a 4_«j>.|j_a ^_ LjJLc. ^jLJr" i n"\ j ( ) j_ajJl_i Li j_a^jj i *—^.\j\\ i_<_JljJ9 - Y 

.jjjjLlSJI «j^>-l Ja-u a j 4-oL*JI 
4_aj^=iil (jauJlalll Cj I j_3ej>- 2— i_J I jJi! I oSJb Jl>-jjj (1) j_«jJL) LJ j ^JJJ ^j"^"'^"'^' <— <J!jJ3 - V 

I fed3 (jjJI 'LA]! 4jt>-lj_a A_ i> Jiir" i n"j 4 alUse 1 ,1 « )l uaJ ,1 ) 2 J^j^jJ.1 
^_ aJlJt" i nlj (Jjt (""itlj r-Lu^l (_>ijj 4r ^-^J^J ( -^ ' j- a >^'- 1 T^ j— ''^hij'U.!* (*i"itl i_<_JljJ9 - £ 

4 » * i a U «.ljj>-VI _}L*_)1 (JjjLjSj (J-ii )""itl d)l *^-»l a i La ■ i a 



tt 




.^ irT>p II 1 1 1) n i llrj -c^ i n II p 1 1 n i 1 1 rin In II niiiinq p II 



uULull 



Sjlj^>JI ^jj^^Lj^ 



■ 4 li I" AeJL I 4£. I_jj Li jUa jjij-u} I 4Ja ■ ul aj SjIj^kJI <*-»-j.} <j-"Ll2 <LuLl^= <l3j^ta :ijlJUfc}l 
•aU,„lj, 2jlj^>JI 4j>-jJi <j-"l-f9 ^ric «jJl2]I <-lbjJ jj^— ■ " J<^*tl OJlA J-T'^— ■_' LaJu£. suldAtfl 

./> ♦ • 4-.-L.aii SjIjl^JI o'jjt, <jL2jJ Jl <_ijjiiU Jj-aj (j! {U^lWlfliVlii^uib* 



.aJLjLxJI i_cjLL>JI ^-X4^ /yj ( j^uu La Zjsjjua {3)li*JI uLdKu) 



r« 







4_LaJL)j /y-li-J' J' J "•"' 4_LaiL) ^j_a J ^— > ] 4_OJlC (<U-2 (j"4*-*^-> « J 'j-^* 1 -! ' ^-^J 1 -^ 4-J3jjjlU jj-u-uLail Cjj^ola 

4_LaJL) ^j ^aji '"' .jj 'J J Q-"' i^ a 4r ^- a ' -'^-^J-^ 4 — * j0 <>jJ^ ' 1 j Lu ( _ T _<-uL_ul JlCLu-I (a^ * * ) $.1X1 j-ie-U 4JaJL)9 

.a^jji^A* ojjjs j^^L-af J^-L^Li (Lk\\ Y ) jUtJI 3Ja2Jj (LaYY) «Ji]| 

:Cj|^-l<TlII <>Jl4> j_£Jl>.J ^_yic »j-4^- VI ^laJLX Jla1«jj Cjl^ILaj^_<iLlLi sjlj_>JI 4j>-j J ^jj/LiJS oj^>-\ i_3j_*3 
^Laj_a^_uJI (Jila .4_iL^ jl AjjLc. i aJjLu/ 0_iL^= *'j-" -i!j-*iJ ,_)"' 1 ^~* i^a 1 jl JJ-aHlL^a Juu 2l ^_ CjIjjJu . ) 

.(JJulX <L»-j.}j_U OKjj_iiJlj (jr »-L>.jJI 

.4_ul_lj^^=JI LajLm £-j-L*l!l .Y 
.(_£jlj^>JI r-_ajJL) i_3j_*j La jl £yi" A !"-»■« t j'S!- 1 ^ Lta (JLqju-idul 4 - =t rH J ^JJ'J ~"JjJ j^~~' 4jlSI jJI sjJiJI .X 

iJjLjfc (j-C r-j-io (jP-!l -^J-^' (j<i «j ciJI_Lii> (jl ^— i (j! j Lg3jlj_»- 4j>.jJ pLajjLi Lajji£. -iljJU f-ia->- -SJujjj 

.SJl£.LUI 
*_« I jLjfc ( 4_iLytJ I Cj l^!Lo a_xj^jTJ I ^j^ « ) 'ix.LLuo A_ 4 ■! LiaJI a 4Jj| i ntlj 4jjLi]| jl^J.1 J_La_) 4_u^L>. CiU" i u| J^j 
L_ok i^y^J *'< "j ^m" AI"-»-a (j-u.}L-a JJl^j O^— 1 3^? "' 0""W^ L? uiLuil J^«iIl«-1 JJljvIjI j^lc^-ajJ! (jl 4_Iij».^La 

t^^^j SjIj^kJI 4_»-j.} ^jjjLjS ^_ A^aJiir" mXI Cj I^Laj^a^jILl I ^j^a f'j-ll Aj^illl 

. JaJI uaJ I ^ILa_avaj_<j . Y 
.(JJulJLI ^jJjJ^I^Laj^AII .X 



rn 
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/q\^ — Full-immersion 
^ thermometer 




Auxiliary 
thermometer 
Bulba»fl/2) 



Correction = 
0.0O0O9(5O)(2OO-8O} =0.54*F 



r«\ ^ Partial -immersion 
thermometer 



r C a\ = 70*t 




Correct immersion 
mark on 
thermometer 



Correction = 
0.00009(501(70-801 = -0.045'F 



( ) -X ) J^i 



^gj-xja I j la ^jIjJl^kJI 3 ^"•'JT " <L)_a-ul ^j-a <[g,j ' La^a J^l i nj C(j_±jjJI j^)- ** ^l' : ~— ' (_j-^- l5J-"- > '- 1 *^ >- '- 3 "'J ^ ' ^'" l 

.aTA.T (_y]l_a^. (_ r ^>J Jj-ujjl Jlajso 4iaJL) (_ii>^j_aj_aj_uJI as.lj_2J ^^^Vl Jlj»JI j ^j t i*ii 

.aY*\ * JjJl>- ^_ „ S uj II j" ^j aj uJI 3 La i ulaj ajlj^>JI CjL>-jJ ^jjjLxSJ <■ i i ullXI (JLc VI Jtj>JI La I 

(jy jfcj <jJlaj>j jj£. <_LiJ cp-I' «jl>^l <— 'Wo- 5 (J-"^-^ <JjLi-u^= (j-ujjl (Jl ot"n nl (j^auaJtl j-t£. (j-« (j^ 3 ^J 

"•(jr^J (JjjjJI ^j-* (J-3l JljWO 4-La.Sj CjI j |_£jj>-I (JjIj) i n (J o *" i n"t LiU jJ i a VA,A 



tv 



&Lx)l3Jb->!l 
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uLuLuill 



(l)JjJ^ 






(jl ilitl A l-irtl 


i ^ -»-" \ 1 iUJi 


3 _iULl (<u-ul 


^jJI 


J.VATT 


r'-" 


J^^JIJibl 


.^ 


j*n,n 


^Y\0V 


d^-i 


.Y 


1^ ^ ',00 


j^Y.YY- 


O^J 3 


T 



.(JjL^JI Jj-aLc ajJj J^-— ij (j^>> 4jLju3 L^-JI i al '>■" LiU JJj < iaLLi i_JUJI IL. jI_^1! oJutj 



YA 







:<J^auxJI jtl^>J Cj^aix*. 
.i_d-ua-i f. La j tcJU.1 ^j-^* ) j (_)Iij)j^>m /y-liil 'k^ - *- ' (j-u^apJI ^La-i J j La 2 1, 1 I ^da-ill *LtL) *Ltl (jLie-ijj ^L*J . ^ 

._a^JI Sjl^- i^j-1 <L> Ij-li j ( _ ;r 2jjjJI^ > a >: <iL!l j-l^ jv j .Y 
^_ 7 _ib jlua^jaj-uJ I ««. |j_2 (jl (j_a '^— > Qj j I aJall < JL2j j JaalseJ, I ;*-Llj I (J^aJbtjO ^_ ■ 2 ■ 'j 1 1 ^ua^joj-ul I j»n<t . X 

■ iSj^W j^i^itl 
(J uaj (_y^>- < N "' ^~~* ^g.1 m-ll ' >jl "<~ ijLsol ^_ tjLJr i ntLi ( _j^sL>JI SjjJjJI ?-l"iia i_l!j_>j /<u ^jLJr i uJl Jt "<i\ . i 

.AJ_afua 4^»-jJ 4JLa ^^^jb ^ILa j^o^jIlI I 2*1^2 (jl ^j^a Jl^=QJ j (jLiliJI i>-jj J I «.LXI 
I a A tJ-u*lj_2JI (jl ^j_a > ^-»l"*i j ,_ JutJj «.Ltl (<uS TtTLlI 4r- l£>-*"' * J-* ^-^ J-^H-^ ' p-^^i <UjL><-ll ,j u-2j ajLcl .0 

.4_u3 a i 
.jH J^=J flji: (0) 4-LL.al! *UL cLal^i.! (jij^jJll £^1 Jj jJLU cJiLiaj tCjLta^Ma 
oJLjfc '2- *U,I J^a--^TiJ }l_3 *LI,I J^a^o «jlj-^«- 4^>.jJ> L>^-^->^ cAilH?^' g-lJi-II Jl 7C-JU.I isLj-bl <jl Ja -^\l*« - I 

(jLa ila_» i ia II JJs I jlj -(j-J-JJ («-<-u VI <>jl JlJLo i$j^>- i-taJI La Jl-lC lLs 2^ a ^ * * Jl-Lc (jyiij *Lil (jl . U> -s. \l *i - uj 

.^LlUJI <L>.J-} J^j-J LLaJLuaJ I jlj I jlj a \ * * j^l J2j (jLcLc <L>-J-} 

TTLLuu iiVI 
< a ^ * * . la. j^jLa ^j_a Sj-iLtll ^_ 4-al Jiir" i ul ^j ^— » ^i ) i_a_ua_Lll «.l_ll (jl 4_)j_3lj]I tfjL^k ^j_a ^-"i" i u < 

.^Jtil Ijuk 2— aj-iLt-aJLI ■ 2 lij ll j" "j ^ lLiI »l'^' dJJjL^=j 
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^Laj_/0^_<j ^_ CjljLiJI j (JjIj i oJI (Jot" i n"j ( Y — V ) J^— ■ ■"■ i La » i <a 1 1 ^jj/LlSJ (JJij^j jl j-v- 4 La i ul a ■) ajlj^>JI 





Bourdon tub* 



( Y-r ) J^a-i 



<«Gjlj^»- ^>.J-i s*l>9 jl>M f^UI 4r 4-C-LiiiII "j^> (^-^J^J <£cLa3 IL. 4juUI SjUI £-»^j3 £*L*]| p^i Ltalll 1L.J 

.ajlj^>JI CjL>-jJ Ij-2-1 kt.-L>.j L>-jJl>s ,jj^~~ ' ' i^JJ' LJaJLiiaJI (jj/LiJS jL^>.j <LcLiLi]l (j-uLo 4jj t i"i Aj^jjI Jj^ajj 

pu\_Lll LLii»JI 4_>JLta ^j ~sa q >a jl_^>JI a«.lj_J9 (_ r lc J-^J-J Ajj t i*iitl 4_i^jjVI ajlj^>- 4_a*j.i (jl 4 )J»-*-\l ^ (_cjtkjj 

.IJl>- 4 JLpSj 4jj t Mill 4_)j_uVI (J-trvJ 
:<-d]j (_yl£. Jllaj jLc J I JjL^u OJ^i J^ >^3 AjieliJtl xJiLU Lai 



r. 



&Lx)l3Jb->!l 



*M 
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uLuLuill 






(1) (j^Li^i! i-^uLlI.! ^jlU 


xJLU A-ui\ 


^jJI 


OTo 50 C 


CH 3 CL 


.1 


90 To 170 C 


CH3CH2OH 


.Y 


-180 To -130 C 


N 2 


T 



( V ) <*£, Jj. 



n 



*&Lktl3Jb->!l Jjj ^ • *" jaaAx)! 




tAj^sejJI CjlaJa->. 

.*m <jL^ JI < rtj^ni *m lj^i .1 

^_ jl Ar ill Ja-i La ^ILa_j_a^_<j j ,, Sjj\j| ^j_a^_a^_<iL! 1 (j— a J ^~~' * ia ) /«_J ^jLse—caJI ^_ 4_J9Llajl j ' i -^ a J* i"i . Y 

.(j-^*-« Jl$-»- Jtlc LiUjj rt(j*a <J^= «*l>^ Ja^-M-J (<U rt(j* a J^— i J (_j^5L>JI (jl^-i U 
jjjp^aj-a^jiiJI (j^a <J-^= <»*ljJs . ti> -s.V j lull -nil ujjLic <>Lj>oI '£— *M_al_^= ^1 ij j^— i II 4Jal LaJI jJ-La^a jjl .V 

.4^.1 intl u-sjLUc ^;"^-— c T-LloJU 2jIjLi LuLij^^=JI 2jJl2JI (JjJLSiI rLj^><J ^j|>*^ <jrL"- 2*lj-2JI aJL>. IL. . £ 

.u\j2i\ 4^ cm ^jJl c^yi j^j (Steady State) jlj^,„^l ^liil u\j2i\ aJU. j\ J^ 



riui ii 2n 



4-uia Lll «Ujl3 sJijJ lIUJj 4_LkirtiII CjIs.Ij_2U i_ < i uLLa s-tC jl-Je-Jl uai us j" a a a< "' (j! <L)j_3ljJI ^j^a j^Jj 



( Bimetallic strip Thermometer) jiatl £jj>ll jw>«j4JI 

<Lj>-jJ (jL'-l (J ^~~* a ' (_)-aJi Jl I -i j i a.« ' ' (jLo^j^tLoj I allgejfl (_£j|jj>- JJua-l (J-aL*-a La-J (jl-J- 1 ^*- (J' aJU i «il— 1 
4_i^l i »■>!! a Jlj>-jJI ^j <^— " i^.,_l>- CjI'i i njjajjul] /_ A ^jj/LloJI ^j_a 4_2jjJaJI tfJ-J Cl^l ml i n 2 1 j_£Jl>-Ij SjIj^kJI 
q a a -»■ * I , I (_^jlj^>JI JJujjJI (J al » a j' N j"j J^~~* (j-a -ij-aLc iti>-jJU 2Jl>-jJIj 4_uJul>s <u^j_iI 
Jajj )*iitl /j fra-J (jr-ig- (jl aliieJj ,jLJj_«J,l j-^IaJ C^lxi (_>^-* ' II ' 1 J^ '-•*'* ' *-a (jLa-re-L) al (JuJulII i aJ ) 
r-j-ij—a j^^-ijjJL*. 4-Lub (_ylc Jajj-iioJI J^— » loija " aUll ajlj^>JI 4^*-jJ ^-j-uATl! Jaj^ i*iitl i _pajju I JL2 ^j ) ^1 LallXI 
L>^Jt3^j^aj_a^_uJI (_>"tj (J-a^QJ j <"t%-A Jij^aL«j J i-ajj «LJL2 j^>-VI i_3jJaJI Lai t ^^yjjjJLvJ I ^__^Ia Jl>-I O-uJa 
^Jtil ^_ Cj I^ILa j^ll I ^j-a f- jjJI I Jub (Jl a*" i "I > j^— > ^l 'J .ajlj^>Jl 4^>-jJ «GLa*>Lc (JILa-l LjjjI J 

;i. \ j\ j^3 51^ j ( -30 to 550 C° ) 
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Separate 



Bonded 



4 L 




Temperature = /"< 






Temperature ^^o 
changed <Cw:A 

B- 





r t >r, 



r,< r. 



P 



XZZZ&7 



w 



\i > __-_^ - 



Coniilever fAji j^ (j~ U-shape 



w 



(r-r ) j^=u 



"F 



Helix (jAi 1 




Double helix 



rr 







.( Blower ) ^j>llj »I^JI pli^ J^ ,Vi ^ .^ 

(jjLJs «3 ■ 2 i Ij 1 1 j"'"J 6) ' ' ' I _J (JJl«ai j_jl_«J^La^a_j_<iLll 4 la ■ ul aj *'_a*J' (jL^e-uj |_£^j=e^j (J^L>- £—. a«.l^5JI Jl>- .1 



r'LuHx^VI 



jjJ (JJljlJJ j^LJj^Laj-a^jiLlI <Ua ■ ul aj sjlj^>JI 4_»-jjJ S«.lj_2JI 4_J9.i (j! 4_ij_3ljJI oJ^Jt ^j_a :*■"'" i ni 



Vi 






./> ♦ • O-mlj Sjl J^>J( oJJt, <jL2jJ Jl (-JjJuJtl J-t-aj (j! :U>lkII*IJ^I^^Ui*4 

.i^jLJI c-uUjJI £-x4^ 4- >^=^ L° ^>»-a :3jlJi*}luLtiaJw 
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4_iLS (j- 1 " flJHsBj9 ajl^j>- ^jTl^-j JlJ L^_jJajjju _j ^yG ^"•*" <j-G.ll_a £>-* (j"4>-i J^-*-« j." 1 *— -» I * u (JxjLa aJ Jl-lC 

^j_a 4_ujLta i_l!}J_u/l aI JlJt" i hU 4_l.fl.JLa 4_uLi j_£_=_> «j_jI J ^j ^-."" ( _ — y ) J*^-* ■"'" 4r- 7---^'j 5-4 L_v___»a 

(j- 1 -1__cj9 (j"_U_U_a 











j-t-VlJLJi (i| 



Vj 1 ^ 11 J^j 11 



J>V*-' JiUcjl yi,vj_( Ijl^JH^j 



( t-x ) _}__=_,_, 



L (- i i l n"l" _j--!lj 4_Uj_£_=_JI 4___l jJI Sj__!l jJj^ L, M ' ' ^*" ^ ' O^j- ^ *j'j^ >1 ^' *— 'W'J- 5 <— sMj*-I ^rf-^i 

.4Ujj^____!I 4jjIj_»JI ajJUl /«-_uLi ajJjUll <JJj 0-==-ll aj_iljJI ct _-- Llj.g--=-_ I jLlLII 

4^-jJjJ.I _L L__J___>| VI J 4_Jjlj_>JI 4__wj_j_U _L. (*__wj_U) aJijLJI 4_LailII «jlj-=- <_»>._).* CjL_ 4____w}La ljajj 

aj>jl__!l 4 La-Llll ajlj_»- <*-»-J-> _JJ ^—" La \j ____aj .<_uL) ajlj_>- i>-J-> -1)1 J 4____J __tj I gij--a a_j ^j -^JJ ♦"' ' "J " > 

.(_£j_ja > ___») J^JuJI J-a-><- £I__a_ __jfe (*_>-j_U) 
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4_J*-J.}jj,l (jjLti.1 (j-a J-fS JJl£. dJLufcj .(j-tl i^i"t,l jjjijjjtil sjIj^kJI CjL>.jJ 4r Jjj-^'j (j-uajLJe Tn -u. U (j"4P^»-^ 

.AjjIj^kJI rlj-ij^l '4r »->Lc- Jo «""""< iP-N 

tfj^mi <>Jl& (J I o *lj i ill lL3J)j_iIu /«-<kl j_L La-L2 

.ajlj^>JI Aj>-jJ J 4-Uj^^=JI 4jlsI jJI S^ill (j^J _ 2 ^LjjJI — AJjjiaJI 4Ja}L»JL! £-<-ulj i^J^a . ^ 

.SjIj^kJI 4^».j-S *-« <Luj-4^=JI 4jlsI jJI a jJl? I j-cATl! (j^uj) mTa jj ' ;*—" (J-«L*-« .Y 

; i ,„^VI j J^aQi] jjL»i,l LajLla .V 
.(jjLti.1 (jr Ll J J i «a -> 1 1 4J34J-U . £ 



:4Jjlj^>JI Sjvjjjj,! 4- ^aJLJr'uill -il_aJtl (O-ibl (jrj-ri er^' Jj jL ^"j 



^udl (^jJI 






(Ca-us j a La 


Type 


Thermocouple 


Max. 
Temperature 


Max.thermo- 

volltageVo at 

C 


T 


Cu-CuNi 


400 C 


20.869 mV 


E 


NiCr-CuNi 


1000 C 


76.352 mV 


J 


Fe-CuNi 


1200C 


69.536mV 


K 


NiCr-Ni 


1372 C 


54.865 mV 


( A ) ^j Jjj^ 



rv 






*M 



s .r 



uULuiJI 







ajjJu-a 4_uj^^= 4_ajlJLa .* JlJt" i uJ 4_JLa 4_£jJI <>Jlj4> (jr lc Jjj uaseljj .4_jJLl <LJ9.i CjI j (JjjLjjS ^J-^ 3 (*' JL9ej_luI 




( o-r ) j^i 



(^Lij-^s JhP "-^ J - * 1-1 ^ J 'J j' : ~~' Sj_)| JJl 0->L^= I jj La-L3 (]/UJ 4JI j A J "'"J fllaJI jl^>- "'' a Jj""J 
j^^JLc (J i a --'■ (jH^- Sj-<JlLU 4_ajL5JLu (_^3l_>JI (jjJj-UI lLLjj^so /«Ii_) jjjjLxSJ,! 3jIjj>- 4_»-j-i (-r^- (J J L ^ se -"3 •<* <*' 
^Lij^^aJI J-J-UI XIq '-Ij; jJjlil jLllII jj ^— j 4_!L>JI LiUj IL. .(sj-jljJI <j-a jLu j-«j ^? ) j-ius «CLa_iJ9 jLu 
a aj\ aX\ oLxlse-La (j-aj S^jJlLU 4_ajL5J,l 4_a.L3 3«.Ij_5jj <(_£jIj^>JI r-ljjjzl ^j_C 5t31_Lll jLuJI 4_a.L3 t_gjl i u < 

.ajlj^sJI 4^-jJ (_ y iC (J J 1 1-1 ■> 1 1 (j^—i <1 I 



tA 







:^L^= SjjLuJJ ^M-JI 

.*lj>j-<-u J s.lj_4J». CjLjL^J (<s-gJLa J ( lypC JV J 4jjIj^>JI rljj^/l (j-« (jf^H\ j i^i-wf .Y 

.jjVl g^yi J] 

C^J^S (j^l 2«.lj_£ (j! di-p. Jl^j>JI 3j-^ A^j-*-<U A-i-uLiiil SjIj^kJI <^>-J-S iSj^ta j (jj/Liil cillj Julj aJlJt" i nj 



r* 






.4-Uj^^=JI LajLH.1 -aljLJr'iiiLl ajlj^>JI <L»-J.} <J-"L^ 50)1^*11 

'£- 4_UJ-4^=JI 4_ajLU,l ^IjLJr" ml LfljJLX t^At. SjjJLlI <-lLjJ jj ^-»" J ua^JI I Jlj* J o"'^-_' UjL-i£. :t£lbLAtfl 

.aj|j_>ij| 4^»-jJ (jj/l_iJ9 

./> ♦ • O-mlj 5j,l JL^JI o'jJt, (jLSjJ Jl <_ijJuJLI J-t-aj jl {U^UatlfliVlt^LUfc* 
,_/'l;j j^— ■ »La (jlie-m c^^Ijj^LJI LajUUI jj^a>_u t J-»Jl!I (j-uJ^La tSilf I dill JjbyjJI 



&Lx)l3Jb->!l 



*M 



\ .r 



uLuLuill 







( PTC )iUJ>^llA«iLdllAl*wl^j3jljJ6JI^-jJ t >«Li 

.2jlj_>JI CjL>-jJ pLajjZ L*_i3 liUij p kij * a (JjuLxy I a a o<* 4_uiiJI (JJulaU ^'j J^~~' <LajL<m J>J>J 

R 2 = R![1+ ada-T, ) ] (1) 

.aJiUU ^jIj^kJI LajLUI J^sLta (X 

: a_JLlII aJjiUJ,! J-aju-m^ |>f^= Sjlj^JI CjL*.jj> ^.^jlU iJ^= ^H ^ ■ 5 jLh > -" ^Wj- 5 



R = R [ 1 + aT + bT ] 



(2) 



■ lo f^"j-^' ^j'j- 3 *" ^"J- 5 Jl ^ c - ^°jL2-1' Ro 

. Lj^tita JJljso 4jjLj <J^al_a£. A, D 

t^bJl J^M.tL ot^j^JLl (Wheatstone Bridge) a* 2 -"^ b-^ JU*~<.,L Sjlj^Jl a^-jj ^L^j 



m 







llnrernol 

resistance 

neglected) 



W 



^ .r 



uULuiJI 







'1 + h 



(i-r ) J^=u5, 



4_ajLiLa (^ IS. 3 J j ^jLHiLij (JLLojJjla jLLajLiLa^ -t^-2J -^-1/ 3*" CjLajLS-a *->jl (-r^C (jj"i 1 "J3-& »j-La-tS ^jTi^vj 
jL^oJ -ilj-tl 4 la^>Jl I "LajLaJJ /_ frj (^ K.4 J 4 ajl aj I («-J ( vJ J jgjaaJl aL>JI (jlj-jl (_)-«-*-! a J^ir" 1 n" aj-i-tLa 

> i"i iLa Cl-liTij (j ^— 1 1 ' a^jjLLl.1 A_ajLail 4 La 1 ul aj j ?-j_3 2 I *_Lqj>. 4t- J'rJ-^' J- 4 - 1 Lr^ H>4^ =L ^' f *'»' (Jr!-'* iS J-* Ji<* 



fl 



# 



# 



or 



# 



# 



# 



x 



# 



# 



.0 ) A&J JJjLta ^1 JiitLj/Ll ajiaLUI ajlj^>JI ^>.jj -iL^jl ^j^-— 1 ' ( K4 J A^jjl^j J 
l_£jJj ^_ Lil <at" 1 ul j^— 1 1 ' j 4-jJLc. 4J9J Li (jl 4 j 'j fl^aJI 3 aal aXI CjI^Loj^o^jj (_)^-» i<aJ» «-ii>l ^j^a 

o 

J ^aolJI ^(j^Lje-LJI A-Uj^^aJI 4-ajLlt,l jILaj-a^-u <L. 4-a jLselLmX I jjUtXI (<-&! Q-aj -220 tO 600 C 

.(j\3^LjJI j 1 4 i>.Atl it^ukjJI 



it 










7^1" H (d VI 



t^—L La <L)j_3ljJI <>Jl£> ^j-^ /Jj 



.<Li]Ll 4-S.i j^^ ^jL^l^j_La^aj_u 4 La i ul aj SjIj^kJI <L»-jjJ ^jj/LlSJIj 2s.ljJi]l <L9.i . ^ 
.A-lILc 4j9JlJJ 4_Lku»J kjajLaW jluuajjij-a ^j^a I j^** J i a *-'■ (_jjJI 2*lj-2JI ,jj^~~ '"' .Y 



if 






u^ka^tl dUwl : jjI>)I <>aAl! 



.(Thermister) j^^j^jjiJl aI^I^ 2jlj^-JI a^-j-i ^L^ ^^4^= 44^ {3jQ*ll 



.jlLLM^ajJj}\ 4-La --Ij; SjIj^kJI <^>-J-S <_>"Lf9 (jylc- ajJ^iJI <-ihjJ jj^~ '"' J uaAJl I jut J-i"'^-— _' LaJtlc ItfldA^I 



./ S ' ' ImiL 2jIj^>JI oJub <jL2j! ^1 (-jjJuJLI Jj-aj jl :u^lkil*IJ^I^Lifc« 



SjlvIj 4x.L^o :wU)JLcIJ jifl$Hlu!fl$JI 



cAkj-^= ^ O^-^ tSbLftUdl JjUjJI 



.iuL,LJI c-uLajJl ^.u^ 4- J*-" La ^>*-o :3jli*JI uLxlIaxa 



ii 



&Lx)l3Jb->!l 



*M 



\ .r 



uLuLuill 







_J (_■,-! J-t.a Li i ■■^— >| ^j_a (ja ^— «"" j ,. " >\ ^'—^ II jL_u±J AjLi^s^a 4 ( i"i ioLa (j-C 2jl— lC Cj}Li^5_jJU al i ilit 



(j-a .«Jl_l>- L^LlLa-" i nl J "ojjjluz Li 4jjIj_>JI 4< i a] I ^jLS 4-lLu^LlII 4j3jLflil i)'± jjuz^ajJjW *_a 4JjLiLa j ( /<JLa ^ 
pj_<J L_t_u ajlj_>JI 4_»-j jj jjj/LjS j i^l *»^-. 4 Al",-»^ .J'^""* luI ) j ^tjj i ■■ ) ^iTi_Ll 4_JI^Laj_aj_uJI I Jl-i4> Cjlj—ua 

■A|jLa-"inVI 

,_L!l<ij j 4 jioj' j i c LS^LtlLa ^LlILi j 4_«jLHI cJS «jlj^>JI 4\>.jj cjjIj I i L^= • L^JLi cj^Li^jJJ <>L±jil j-iaTij 



tf = 



/? 



f 



X 



£ 



5 ( 



^ 



IY° = !tj>.jJ,l 2jIjj>- 4_»-j.} Jtlc ^J-i-u yijjjl I 4_ajLiLa 
T = ( ^jAl^-. ) 4 ajLa-all 2jlj^>JI 4j>.jJ 

To = ( 293 K) ^1 h \j~ ^ 



is 



&Lx)l3Jb->!l 



*M 



\ .r 



uLuLuill 







:(NTC) 



^N 1 K^J Cj^LusjJU i>\ i Mil <LajLiLa jj^ILaj^_(iLll 


^r 1 \^J (Cj^Li^jJU) «LaaL£Ju j)' s j" a j *> LtJl 




^j „\ ->■ ',\\ ^ 1 1, i-».t| J" « j I ,^j « \lj«^j«»;,^ii 


<L)jJajJL) j2 Qj 


4_^oJajJLi ^3Qj V 


SOOC'^-IOOC'^lsji^ju 


600C° J! -200C° ^lsji^j^ 


OJ~ ' "10 * " .^ '^ * a *" ' "*""' ' " ' 


OJ~ ' "10 * *i '^ * a *" ' "*""' ' " ' 


2 fljl 5t,l r.^Si ^j'j "*■'' ^^j N '"' N j i'^-* 


2 ajlSt 1 <~i \lj Xj|j-^t| 2-^j \ <-i \lj 1 ^l^ 


*jlj -».tl 2-^j \ j 2 fljl St 1 £« i 2 ,U-^ j .r 2s\l /• 


SjIj^kJI <L>.j.} j 4_ajLail (JA-J *rP a ^" <^9}J-£. 



f>\>J> 



n 







(Thermister) ju^^l^j^bSjlj^l^jj^Llfl 

*'"'u ^ 

a I Jiir" i nU ajlj_>JI <*^>-jJ <-1UJl^= *|>^' .j"* - ^ J^? 1 ^' ^J'J-*" "^"J-^ ^ (J "^ J Lg * MJ j" "J 1J j uaa»| . Y 

.(j-uV|jJij| (j^-i OJ^ 3 J- LLjU 3 J t)-^ ' 
^ILa_j_a_j_<iLl I 4 la ■ ul aj cl_<3_U Sjl^>JI A^»-jJ *|>^' _J *H' O'-^-'-" ^r^>-'-'- u 3^t>- < -"' _3 >_/ * ' *j -J**' ^J 1? (J " ^ 

*HI 2jlj^>- (J-5=-»-u J f u ■ i luil i nil (—ijLic ijLsoLi tjLJr i ntu (_^3L>JI Sj Juitl fViha t-i!j-»- (<U tjLJr i aJI <JJL<lu . i 

.<U^La A^»-jJ \ * * (__£> J (jLiiiJI A^»-jJ J I tjLJr i ntu s-Ltl J »^ ) (J-l>- Q**2r ' «<~ T \—> j o" i ul .0 



trl umiVI 



.«.LI,I (jLiic. ^>-J-i (Jj 3^-" ^j'j- 3 *" ^"J- 5 Lh° *J^^*-^' 4jl of £_ «Lal JiitL-ul ^j^— i ' ' a-daill «.UI (jj . ^ 
a*lj_J9 *_a AujlJLa J-jis (jr^-^j ' 2 I -»" ' J '^■t'-^- 4j9Ju Jl^^ ^j^u^a^jILt L) 4|tt i nt,l ajlj^>JI 4^*-jJ (j! i U>-*-\l ) .Y 
.Sjl^jsJI 4^»-jJ g_ )-tJLlll 4_uLc 4-u.ul i n~>- j j^ILi_u^a^_<iLtl (jl (_y.Lt.tu ■ 2 i jjJI j" ^j aj (fill 



iV 




■tvinl[) lliii)Tillr].tvicill pilnill nnlnll niiiiii f)nll 



uULull 



La ♦ < >. 1 1 ^ju/L^ 







4 _ r JLc (_£jJL>Jkl j_L>JI jl Jlj>- 9cJa ■ ■■ «L>»I i n a s Jlj>-j (jr-lc *-jL« L$-l ^^Jj -1 (jr^ «j_2JI 4JL) i La * < ia J I i_3j_*J 
LtaiLuaJI (jt_J ^\jjLJ^i\ lLUJlj j oLso^l ^ If ukjLxiiJI J-aTnj V oLp' ^^ 4- £^' JJ^-.' I***'** J <£-jUI 

■ Ujl i n"a j ia ^— > ' j j *- ? I J^LiL) j>_Lqj>. JlIc J^%X\ 
AjjLtil >. i < if*. (A) <L>-1 i n LI 2Jl^>-j (jr-^ 1 j*J ' "^"(^ J 2j_5JI 4_il_i i_3j^»j ( P J JaJi LJaJl (jl (Jj-J Jjj i » La-a 

F 



A 

.(Pascal) Jl^amiLJI ^ ik; ( MI ^Lls s j^-j j 

( Atmospheric Pressure ) gjaiiluuJl 

jl 4 La a. ^ a *_« I Jufc j a ual] q <nt j ^jj>JI i La » i ia U 4 1 1 u ) I a a q<* i La » i ia 1 1 ^uL2j 

1 bar = 103000 Pascal = 103 Kilopascal 

•(,£*>■ JaJLLa Jl>-Ij /^J-*-! (<^>JI lJ-<k J 

iU; L^] I ^ o , „j j < ( Absolute Pressure ) jikil .Ui.Mb u a , ^ ,u;.mi j^.^t 4,,,.;tL ^LlUI Lai 

.- P g - ( Gauge Pressure ) c_s ^^l ,u;,mi J] wiib ^Uil 



p 


abs 


= P 


atm 


+ 


P 


8 




p 


abs 


= P 


atm 




P 


vac 


"ill iUii>, 



.iA. 






.^ILa_jJm aI JiitlijjL) (JjI i ntl j jli-II LiaJLLa (j-"LiS <LuLi^= £3j_ta :ijlJL*)t 
(j^a 4 iil"i-^a f-lj-Jl aIJlJt" uiL ilai <^tl ji/Lii (jr Ll SjjJiJI lILjJ jj^— " Jj-aAll I Jui> J-i"^— •_' LaJiJ£. SuldlAtfl 

.J Jul! I Jjj^-"^ J 4 t_i_u^i3j S _L>- j t 'Lnil^a (j-ulfa °>#^ *3itf I dill JjLyjJI 



.M. 






*M 



) .r 



jLwLul'I 







J^aLc ijjj -J U , ,.lj i i La * < a ) I <ujl_a-a-i ciU j j Lmi /) a a -*■ 1 1 , 1 i La » < ia ] I ^ulxo] 4lj i nj ^c SjLiX. ^La^jLLI 

(Jjl I nil ^ya JjjsLc l-dLufc tjL^= I JLS 1 (JjI I iltl JjjSUl (jj_aJ Ll^3L-tlaji Lj fl) JaJLLaJ I I j^ a (- I I II-* 1 J £ (Jjl 1 iltl ^j-« 

( Pgh ) jjfc Jj^aJI I jufc £>£. ^jLLII .UiiMI tjLa ( P ) dL&\h£=3 j ( A ) 4j«Ia2-a O^L^a J ( h ) 4£.Lijjl 

.4_u-bjVI 4_ujL>JI 4JLsi£. ^^ ( g ) ^..-L>- 




( ^ -£) J£=ui 



( Pi + pghi ) = ) .y^wLJl 4jL^ jua .Ui.MI 

( P 2 + pgh 2 ) = (Y ) -i>«w<JI A^L^ Jl^I JaJLuaJI 
: (jLS t^gjl i n" a ^j-iJij-ia-tJI 4-iL#J Jtlc ' La » i ia 1 1 (jl La-i j 

ap = P 2 -F, 
AP = pg(h 2 - hJ 

JaJi LaJ '**" *^ ■ -i^-— i I »>» 1 1 j> Jl^t" i n" I o^-— i x^>-^4^3 AjLJeTujjj J aJLijSJ Ja-Lila ^j-uLlS i\ j-*- ■ i <"«" CjI^Lo^jU,! j 

p^— — "tl SJg-vf IL. AjLgr'n.i" Lo IjjLj 1 J*^— 1 J 4_tfll_L^aJI CjLJUjlII IL. ssljJI 



.e .. 






*M 



) .r 



jLwLul'I 







ujj_iJVI « LaiLa AjvI ..it 4 j initLi Lai t i La a£ (Jjl mil 4 al".^— /_lc (- i u-Uj ^^— • ''■■; i-Lai uaJl S«.lj_J9 JL^aoJU 
Lai SjiLc ^^ CjLla^LU 4- ^aJLJeTi-ut.U JjIj uitl Lai .}LLa t^J-pVl (jL4= !jl VI jiij3 V L>iLa AjielmXI 

l<u ( mm Hg, mm H20 ) cj .Ui.MI s*!jl j^-r 4jL ^fc»^\i a «_a Iju* (JjjjJI jl < Jj^^' 1 jl <*UI 

.(P = Pgh) £a>U]l Jjielmb AsJlus CjIJl^j ^Jj Jjjo 



IE 



4,, ^ 2 "Areas 



Jl 



■;:*:- 



Well -type (single-leg) 
manometer 



sLC 



-Evocuated 




Barometer 



8 Micromanometer 




Micrometer 



jlnjjiw 



( Y-£) J^u 



.81, 







(joj *'t J .4_2jj_LaJI i^jmJu i J JaJI LgaJI ,_;"' .^ j" "J (j-* 4JLI -nil 4_*-)j2l pljj^fl a I JlJt" i iiI ^j^— » i ' 

: <Ll!L1!I dl I jiaj^j I f-JJJ LuLs JjJL>JI Ju<-) j (JjjS (^yjljjfc |_£jjxjo £_ ' La » i a ! I <J-"L^ ^^>^ ^-"' 

.<L>-j)j_tl (JjJLliJ /<u ^j^a j j-JUj^^aJI jLtiJ' (J-u-ajJJ I JljI .Y 

iJjLsJkl JtCl j U i— Sj-a- (J^= ■ u< j" a j'^ II aI Jtitlij/Li JjJL>JI Julj j <JjJ9 JaJi tiaJI 3j-^ (J- ^-^ 1 (*^ • ^ 

.(Jjm^ILajjm a I Jiir" i nU 

(J^a ,'~.,j~ gj\\ 1 1 ^-yj iJSj ji^ai 2*ljJ9 ,_, La «J (JjUtl^ZLajjUtl aI JiitL_uL) (jjjLSJJ i La i < a ! I 3j-^ ol 'k*-*-V -0 

.<L»-j)j_tl A£.j-lu £—jjuJu1\ x_a LLaJLJaJI ^_ jjj-iiJI (J^*-"-" J <L»-j)j_U Xcj-lu j-uJCa CjUIj-SJI JlCI .*\ 



.or. 






>M 



) .r 



uLuLuJI 






jjij^J u>ui : (jjU)! J^aJ! 



.(JjJij^j uj^jJI aI JiitL-uL) i La » ' a 1 1 <j-"L>^ ^.^.^~" ' ^J^*-* tdjltiftjl 



•UjAjtW ^3^' >l JiitL-uLi i La » i a II (j-uL»S ^ylc «jJl2JI <-iljjJ jj^~ '"' J-t-ajaJI I J-A J-i"'^-— _' LsJu£. SuldA^I 



./ > ♦ • 4ji„;j Sjl^J;! ^juijjLSjl (JJ vjj^II J-«^j j! :u$lWUbVl^>L*« 



.a Jl>- 



Ij icL^ :uJ;jLclJ JJ^HlulSjJI 



Lu^aj o Jljwj j <jj Jj^j tjJjjJl :Silf I dill JjLwjJI 



.iijLJI c-ulajJI *-.u^ 4- Jh^ ^ : ^>*- a :SjlJi*JI uLifadU 



.or. 






*M 



) .r 



jLwLul'I 







4jt£. giTiJj 4_j^jJ}U Li^a-uL^a-La l-iL^I iLvjIAil 4_p-l_i]l ^P^. Jai uaJI J-«-*J .J.»-tJI IL. 4jjL^La «■ I^J^M J^— J 

.w-jjjlll (jr Ll JaJLuaJI 4-a-LS a*ljJ9 (jr^^ 1 





(X-i )J^i 



J3.J-JS 



jjjj^j 4j$*JI fkliiuub tttiall j- Lis 

:<_ L Lj_) Aj-2-1 LiJL3 3 Laj 1 u ' ^^ ^~~' J ) a ' ^ ' ''~~~ ■"' 2 Jl>-j ^_ 1 La C I 1 2a II r-j^jtd j 
■ t_ >tt 1 ntl Jaa. (_ r Lc J JaX I uaJI ,_}i>- Jua Jtlc Oj-D^ ' , _W J ' ' '^~*J ■ ' 

.Ja£LLiaJI £jie/s Cy k. ^j^.1 oj-UW *d>^ <r^=) - Y 

, U- 1 <>»U -rjjxjz j Jji-wLa JlIc 1 La » 1 ia ] I Scl^J9 (Jjf 1 »" | r^9 ■ t 
tlaX 1 LaaJI ,Ji«.Jua (jr lc 4_Laj_t^=l Jag 1 L^aJI T.j^a J^Ic tlai LaaJI (jl 1 La a. ^ *« .0 



-ei. 



Cull J«*f USjjWI : &1L&I JmaII 

./ \ • * 4-LL.ali SjIj^>JI oJu* tjUjJ Jl <_ijjuJLl Jj-aj (jl Ju^UatlfliVlij^iut* 

.iAllJoa LuOJLa Jli^=> :Silf I mil JjbyjJI 







(Jj-ajj^ 4 l"^-» ]| A^jjjla (JL23I 4 La i ul aj OlljIj^jJ ^^^ i La » i ia J I ^jjjLlSJ Sj_i1uLiJU jjjJaJI j '^— >| (jl 
jj^a l*j^>- (j-u-iL^aJI «L>-j jlj^~* ' tillj^jj Aj^jjI 4 La ■ ul aj *-jLLI J-l>.j A^jjjla I a j"-*- 1 i u-a (j_u_)L^=aj SMjU , „i 

.^m ^ L^»ai j^uji 

4JLa LfJ-ulj (j ".'^— LI (jL^= I^La .(jjjj^aJ.1 <L>.Luj^a £_ I j jjj i >> a i La i < a 1 1 ;_gjl i uJ ^j „»1^— tl £_ SjJLi «_SU,I J^jJJ 

, La * • a 1 1 ^..L^-^^-. jl^>J| I Jufc jpt'ii njj ^j " j^-* II 3.3^ ?- L ^'3^ (J 1-22 1 "* ' 'J.' "J*" oJlA <ujlj^a ^j^~* 1 ' 

J 3 . ' L^J^' L>"W^ 4_2jjJa^= <_1UJl^=j |_£jj>-2| dajl LaJI aj^>-l 2j_)Lfct 4 * jj La ^=>J 

: La_4>j -1 U-^Vl ^j^j (j-LCj-Ll LiisjJLA 4_2jj_LaJI (JJl^j jjjjLSJLI JaJl LaJI 4-a-La ,jj^~~ '"j 

(Jl L^ISj (j-« V JlJ «LJ| aJa i o 2f I J I 2j_c*uLl« ^ •■j^~~* II (j-« Sa2JI (J-2-<-> 4J2 ^jjjLlSJI ^_ I Laa. * <tl<^-."-*. VI ( _ , , , „jj 
I jlj (jl < VitVl *_<J, (JJ5I3 «Ll>-jIlJI ?e-La-i-u (J-t^vJj <i_3L^= (_>*3 jJL>- j_lS jib 1 <tl<^-."-s.Vl (J-iiSj ^j^— » 1 'J .*-jLtl 

(3^3-oJLl <<tl^v.^VI SjS jJlj>oj .iIL*£ ^>-j^ "-^j^ '<tl^^"^VI (jLa r t ljU,,,VI Ji-ta ^...l^utl ^jjj 

I n! .>■ a / <tl^-i"-s. VI 2j^ i>L>JI j)j ^~~'_'J ' <tl^— "^ VI iJ^aLta £_ 4jJij.a-*JI SjJjJI u_sj_iis (J-coLso Lfcji^>-J 

■ 4-lll.u-lII 4 ^— j ft: I 1 
(_il > n m tiUjuj 4JI aJa ■ -VI 4j>-l . u a ^^^ J Sj ■ u (j u-1^3 LI «La»l . u a (jl_3 1 ^j La a i _j^3jJL>- Jj^-J 2j_aj-»JaJ IjJajj 
e JiJL^a j^yic ( _j^sjJL>JI (Ji«-lj ^-jUI i4- ^^J^ < _ 7 jJI 4j>-jJLII (j^aill (^J^ J-aJt3j ( _j^sjJL>JI plj-S (J^ii«- ^-jLLI 
4JI aia 1 u 2(1 a q ,..^—.\\ l y M t j^=a ^^^l^-I i ui, 4 La 1 uaj 1 1 Aji^lSJI ^j^l SjLlC 4jI jLaJI 4ja-l . nU ^)J^~~ '"j (j ".'^~' . 



.0^,. 






*M 



) .r 



jLwLul'I 







^ Air fauoyoncy Ofl 
^'^--/^ weight! ond piston 



■,i ' rl 3l » ; 



-Uoge 'o be 
callbfoTed 



Gag* rflfprsrtit point 



i__.z- 




Bleed 

valve 



4JJ$J fU-a 



( i-i ) J^=_i 



lLs-lA Jl£ (Jj^aJJ (J^aLsJI (jjjj^aiXI (jj Jl^e-lS ^j ■• '^—^ jl 3.3^ 4_aj.Lt.fl (J---^ 3 ?-^ s 3 &i • ^ 

£_3jJI I jufc _f_ f\Juj$\ '£- J"^— ■ II J-«L=- IJljJ (y.->. r-^j; ( p^— — "^ ,j ■■;'-—"' ^j^j ) Li '_J- >, -> 4r ^^ -^ 
■ t^LJjl i n"ifl _3__u__>lj J" |i: ~~ i II 4_C.j_9_?t^j ,yj\ flJ>l lL-JL---J I _/U _j'3->' -_]_1_J C-J_>. J-9 > jj' : — ■ ' 

t^Ll!! j^tHI (_-J-_. (JjI intl (J _JL_. J"'^-— II 4_£j_i_5ta {ja £--l--!l JaJLuaJ I i3jjL>s ^j^— i ' .V 



P = 



F mx g 



A 



A 



£jL____ j___ ( g ) i 4|-,^mi ^ ( HI ) i IvUil ^-A ( A ) i Sj^JI jyh ( F ) t lI__Ll__.I j_-> ( P ) v___p. 

.4_uJL>JI 



-eV. 






>M 



) .r 



uLuLitl 







^j^— a-j a 4_aj.Lt.o (j ■■ i ^— > all » LaJill 4->-l maj 4-aj.Lt.a 4_ujL>JI 4_lrtCj ( 4-aj.Lt.a 4.31 »>»t I J"^—' II (jj La-lJ 

, la » i a 1 1 « il i n~>- 

JljJl^cjJ 4-al JlJt'ii ill (j^ 3 3 'J (JL^=3u-uL) jJL^= ^ * * (Jl (J uaj i Laa La -^ sj_)Ltt pJ-<-J' I Jl& aJl-Jt" i u < . £ 

. JjJl>- jl(j^1 ^ijjJiJ <J-a^l jl aJlJt" i ii a (j-Lta jLg-»- 4r *L^>-I 



.oA. 




.^ irT>p II 1 1 1) n i llrj -c^ i n II p 1 1 n i 1 1 rin In II niiiinq p II 



uULull 



Lj^jJI ^l^ 






^^di!>jwjjiyui/ ; j/tf I J^aiH 



c\l St I j"^"^ ^~-^' " aI JlJcIL-uL) 1 .^j .^.-^j 4 nl'iTei.1 <J)j_LaJL) ij^lajJI (j-uLiJ9 4_liLl^3 £Sjjt_a tijIJUfcil 



c-\l St I j"^"^ ^-— J i u aI JiitL-uL) ij^lajJI <j-"L^9 4_lo-l^= A^jjla i tfliJLAi I 



,'/.\ ♦ • A-Lcoli SjL^I.1 <jjub (jL23l ^j <_>jjuJtl J^ <jl tujJWUtoVltfj2«m 



.oLcLu *_>jl :wU;JiIJ jJ^muifl^JI 



^""M;^— -'"^ <i-^j>>JI ' f-N S 1 1 jjg ^jj ^— j i ■■ :Silf I mil JjbyjJI 



.TuLjLJ! c-tSLajJI ^.l^. 'A. jj==,i La Ijijjua :'ij\Jsti\uLJ.hj^ 



-M. 




.*I^-JI jl jLiJL) 2ji^>.jJLI *m 4_ui^= (j-* 3 j i .<^-» (j^fkj <J-^' L^J^ =ej0 >-4^'- 1 AjaiavJl <— 3j-*J 

Absolute Humidity Uiki! i^jJl - ^ 
(R.H) Relative humidity 4n,„;tl aj^LjJI - Y 

m v Z 7 v 



m 



v , saturated 



^_lA1i *m jUtji cAh^' i t-iti^t i P v , S at 
»lj,jl4-»m jUjjI'a m v 
£_lA11 *m jL>o si"^-> m vsat 

( (0 ) ^ij-JI Aj^isjJI - V 



a = W ' 


- . 622 


f V 


p 


- . 622 


P V 





p " p 

-* arm -* v 

Dew Point. (^jjuJI su^\) , ^.^-.ti sua; - £ 



-■\.. 







4_»-jJ 1 <i A I JlaI (jl_!l>.jj i_£jl_Ltli j^vJI 2jlj^>- 4_»-j.} (Jj/LlS JlJ£. «LJI ZJSjjua (_cj>.jj ; I j j U i aJaJLa j uslIc 

ilLJLl Sjlj^*JI i>-jj ^ t£>>»Vlj ( Dry bulb temperature ) iaUJI Sjlj^*JI 
Sjlj^JI a^-jj 4_aj^wj .f-^Lillj^a^ajJi su , u |j , | 0(j ,„ Lj^ j ^ ^jj ( Wet bulb temperature) 

4_laJL)j 4_i£.jj]| 4_)jlajj|j 4 j [ i » ill 4_i^lsjJI ^j_a J ^— > J^jJlJso ^j ^— » i ' 4 ■ la j J I a j I j— >J I 4_a.jJ>j 4_3L>J| 

.( Psychrometric chart ) ^-^^-^...tl lLjIj^JLi Cr *^3 lLjIj^ J jLiei^Li tiUij ■ ;, r,<^-,ti 



: (jr ikj AJalajJI (JjjLlSJ i_u_u_jjj Jjjls <^-lMj tilLiifc 

c\l %t 1 j"^"^ ^=4 ' " j*li '"-"' i "' ~ i 



Hygrometer juA&MAii /Vji 

,j-^* ' ^j" -1 ^— » * J a 4_i^iajJI SjLi^j SjLl! i-LL1j JJi_<ilu <>t._L>. 4_i_alajJL) ^pl_jj SjLa ^j—a pa * 1 a a LJLi. 4_l3 
(-ja^a 1 "jjj 7"~rJ'^** a-iii' £Jui> (_ylc JjJiajj A4J_aJajJL) ujij^s ^3LjJ i^l)<U^k>jJ! 
L_<b_j_i£.j ^j^aJjl—dl lL3_4_l>-j 1 1- 1 1 ii*>iH (^t ("ill (J-Ius ajl_a (j— « 4_ml 1 »-> II j—usVlxj] {jj *— »" l_a L_dLc.j 



.11. 







(^LlILij .4_)_aiajJI jg-j-j-^i-^ Lt-u -ilj-ll OJlJ AjJj^^aJI 4_ajUil,l li-j-til!! (jr Ll LJLg. JjjjJaJI *'- Juk JkCi*3j 
4JUjlLcoJL| 4_ml uuJI j-call*]! <Jt\j -*I^JI <4- Sjft^a-ll 4JaiajJI 4.<yija ( _ ;r Ll 4JV.} 4J <?Jl^v jl jLiUI £2jjt_a jL^ 

.( Lithium Chloride ) ^/nltl jjjj1^= - \ 
U^^lj ^ > U > !Lijib3 2j 1 L 3 ^_j >A i^ ( Carbon Particle ) j^-^JI ol , h^ - Y 

j—lc (J_a.<Jj 4_uj^^= aj-JI J (JjJ ulSj J ua^J Lg-al Ji-Jr" i nl ^j^— » i ' 4JL) 4_uj_>j^=3lJVIj 4_uj^^=JI (jjj_La]| J_ujjjj 

.4j^iajJI 4 [ I n \ £.. p<^-.-»"lt (. clIa>J 4 A»- ,>.a (JjJLiuJ J I (jj^J-Cl < 7tl2 

lj_J9 s-LiL) 4JL.a icLia I j^ILaavaj_uJI (jL^=j sA\\ jLJtJJ f j mi t, I j-t^- (_£o^>JI * l^a^l! ^j-« j-aj_<iiJ I ( _paj^l I jl 
.4_aL>- 4_clJi3 ;_gj ■> 1 ^'jA\ jjLa^-ajJjl\ L&ljJL) i __^j_J 1 ajlj^>JI 4_»-jJ (j_a (jJal SjIj-j>- 4_>-jJ^Laj_a^_<iLll IjL-ifc 
4-i.uj i n ■> \\ 2jlj_>JI (j_« J- L ^ J -^ I *jl>-*- ^ o" ' " } 4_LLlX1 4_cLiLi]l (j_a j_ie_uJ (_£ jJI s-LU jl jjfc <_lUj ^_ (. I ( i ntlj 
jl J <La J—qHatja - I a j U 4 j i i olll 4_ijiajJI (_p3LiL>jL) 4_LLlU 4 e I aAll Sjlj^>. 4_»-jj (_psl a->«j| Jl-jJjj 4 g I a^il 

oljLiii 4_jj|j^J| .-.VI a-'.Vlj 4-uiU iSiVI 4_jj!j^kJ| .-.VI a-.-.Vl ^^Jg. dJJ Jl^= 2jIj^»JI 4_jwjj> 4. ^ul a^-.VI 

jjj-S fg alll M-C s-LU j_iejj jl < 0" 1 11I (jl <>t._L>. 1 ■ alll s-LlL) ;> i mi"! I 4_>-jJtj (J-L.a ^ILaj-aj-uJ I 4_clJLL) ilaj^so 

. 4^e_L^.Lo j-tg- °?-\j^ /— taju Lj-a (J-uAll 3^ ?"^La2l /<s^=l^j /yic (J.a-t-1 t _J-£LaJI 
jj^ILaj_a_jjiLll Jlj>-Ij 7"J-I (_yig- ' , ^~~'J ' , «^~i ;> - SjaJajJI (jj/LiS c-y La j^j*- ' 4_u-u LjS j-lLju (jJ-II '" j^J"""' (j-^J 
<^.._l>- j^>- 1 i_<_u_p tiJl_<jlij .jl_^=Ljjl CjI j JlJ 4 La i ul aj 7"J-!-II 7c^>-jLjJJ iaL>JI icL^AJI jj jj>- Ij aJLLlx 4x I aAll 

«.lj— Jl <^£.j—uj /- LajtJ («L— l>j 4 ^ ^ ,s^a^ \ j .1 i j j^~~* jl^-J ■*— **JL>i' i^J— ^g-a (ji-J^a -L_Ltl (jl^Laj_a^_<iLll !« i-is^-i 

.4 rtj^jJI IL. IjHa^ Y (-Aj 4^.j^.,-.t| 4LL»_La ual!l 

. ( Dry Bulb Temperature ) iaUJi 2jlj^»Jl ^^ <&j-**i3 

. ( Wet Bulb Temperature ) ( aui ) ^lUj- 11 b'j^ 1 ^j j j 

.( Psychrometric Chart) 4^L ajJ ^-, i ,„ti aaj^jji f i j^l^Lj dJJjj ^j,,,;!! ^^upi jjj^j ^mj 



.tt. 



2l_«_WI3_?->)I JjJ ^ ' ? l jaiaeuJ\ 

Aj^lajJIjjLta uL_Lu_l i-l u S j j -U >j 




a I __r" i nl (j ^— » i ' i_£_a_>_l «.lj-JI (j_a (2^-*-° i* 1 -"*- 3 * - 4r- SjiaJvaJL! s-LU Jl— J"— ** ^'1^~~' J I 4 j 1 1 gill 4_)_ai_j_l J_J_t_] 

j 4_iL>_l ajlj_»JI 4_»-j_ (J^a- i ii < (Jj^il —J l^p^j-a^—I- 1 (j_i (j"— -I (j-fl jjj - ""''*" f~- * j"'-"J!j ^~*-' " ol tk— "•« -^ 
.4___jJI ajl^_>JI 4_»-j_ (J-a- i nj^j (j— I -i ail _jl (. < < <i*> II ^j-a 4j___u /———La ^o-_ j ^_w 2f I 
.f-M-5-ll (j-^ 3 o^"*^ JJ*" j""J1?/'^ f^J^"""Li ( 4_ 'L>_| 4i>.jJ_| ) *l_aJI «jl.>>- ^*-J-i l>^' -Y 
• Iju^ «.U,Li 4— L.a j— w V I jZuajjij-u} I 4_:L— _ I — — i (jPJI <- i mi->1I jl gj-l a —II S»U.a ^jj ^-yj J— =_G .Y 

ijjL_j LlLjJI *l_aJI «jlj-»- ^*-j-i c)*-" — U j-=j £aL>JI *l_aJI «jlj->- i>.jJ <J^--jj Lllv f-^LHI -Jj-»- . £ 

.(jrp^lj-aJI tlr^ 
.4— '_>J| *l_aJI «jl.>>- ^>-J-i dy 3 J-l 4jUjJI *l_aJI »j'j->- ^*-J-i (j| '^^^ -° 

4_._>ji sjlj^Jl ^.jj, iajjuwj ( Psychrometric Chart ) Ajp^^m.ii iLaj^kJi J! t_ukii .1 

.4_i_.j__l 4-)jJ_jJIj 4_u__lll <U^oi-j_l (]ya J^— 1 4 la j 1 •■ ' lj— i-l (jl i j_=__U 4_l_j_l 2jlj_*JI 4__-jJij 
(jrJJ jij^ J _^?-' 4- *Jj___!l AjjIsjJI (j-L- J J-o=__l! ( Hlimidstat ) _j____-aa-ifjl jL^v aJ__Lu/I .V 

.("0 («— lj a ft— — >- 1 (jjfl 4j_a_ijJI 4_m_ j 4 l-a- i —II 4 jj i __| 4_)j_aj_JI 4_m_ 



.tr. 




.^ irT>p II 1 1 1) n i llrj -c^ i n II p 1 1 n i 1 1 rin In II niiiinq p II 



uULull 



J^JuJI ^J^*^— 'J ^Cj^-u (ju/L^ 



AwjUJlSi^Jl 
jidUl XmSj 2lc>« juLlS 



J >J 



^ .r 



uLuLitl 






^fwiill: JjVlJwill 



.(jjajuJI ^-l^~-J ic.j_uj <j-uLlJ3 IL. ^jj-ifaiflJI aIjlst'iihI i_uLl^3 A^jJLA :3jlJW*JI 






./I 



* 4 i i ii M 



|jL>Jl flJLAjjLSj! Jl c_!jJilJll J^aJ jl {U^lktlfliVlt^dUlb* 



JjlvIj lc\ uu :wU;jLtlJ jifl^muifl^JI 



.ij^Lv aJT <( <Ja (JjUI^LajJUIt3JLfiL4lJiL«yi 



.TuLiL^J! i_<jL2j>J! £_u^ 4- J^ La a^j^j :3jlJi*JI uLilal* 



it 



Jfldill ^LmSj Afij^u jj/Ll3 uLuUdJI i liinOjJLijy 



J I JjjJaJI aJUfc pj i uJSj j ) i —-' -i 'j .jLiJlj jjjlj) i nil Jj^JuJI 4_l«^=_j Xcjulu jjjjLjJs ^_ ^j . .^— . ^jJs (J m" i »j 

4 l"^-» ]| J j<s_3tJ»Jlj <Ulj_<_u]l (JjUL>3 (_yic J-»VLtJ ^J-^ 3 ~~ ^ 

t^jj/LSj (jl (_o.j '"* _i^~~* cj^o udLijii jjjjLlSJI «LJ »g «.Ijj>-^( j 

.( V ) 4-g.j intl (JjjLlSJ «j-g-»-t tiJLliiiJ (cj/a) *JLt,l <Lc.j_<-u - ^ 

• ( V< ) (<S-3E->JI (JJl*_« ^jj/LlSJ 2j^>.| l-l!LLf4>J ( Cj/a ) /<U*->JI (JjULA ~ Y 

.( yyi ) al"^— tl Jjm_a (Jj/LlII aj(j>l t±!Llifca ( Cj / p«^— ) al~,^— tl Jjuta - V 

( Q ) (WtJI jbj^JJjWjalxfl 

Q= V . A 

m =pAV 

Continuity Equation 12ujI>««iVI&jLw 

4^-jUJI i\-£->\\ JjU^J =ililjj| 4"|-|^ltl Jju^ 



Mi m 

p i x V i x A i = p o x Vo x A c 



le 



^LJISJb-jJI 



J >J 



^ .r 



uLuLitl 






(Bernoulli Equation ) ^jjaIjLw 

'2- ( Incompressible Flow ) ,U; .?-.!! JjII j_<-c ^U ^j_^ lil «lj! j^JLl LbUJj oju* L) ^Z3 



i 1 i V_ li„I _ *2 | V 2 , „ 7 



A 



A 






p x V^A = p 2 x V 2 x A 2 

-- ■ i aJ aJjulII (jLa aJl-Jt" i ii U ■=* i oi ' (JjI i ntl (j! <^^>- 

V, X A = V 2 X A 2 

p 1+ vl = p 2+ vl 

Pg 2g pg 2g 

AP = PrP 2 



(j| Ju>j (j~l^->> ' " 'I (j-dljULil (_^><J 



AP = 



_ py 2 

2g 



i 






in 



AwjUJISi^JI 

jidUl XmSj aaj^u jj/Llj 



J >J 



^ .r 



uLuLitl 







2 



r/i. 



A 



vAy 



: jP^l^a 4j>LaiJl iJjLai ^.rn't lij 



'2AP 



P 



LJajl J Jj_L>JI 4-jJLa.g 4_3c-lL) A-lj i n ■> 1 1 4 -V*" (j-« J-^l jl J ^-» ' ■ U-flJI (ju^_<_a]l (JJlJLA (JjjI_l9 (j! Vl 

(^ v^J^l J (j-i-ta O-iL) ^-l-Lu2 aj-iLtlLi LaoLsol /«j_i 4_iitaJI 4_La^=JI ^jj/LlSJ j CjLaljjJI ^j^» ' CjjJl>- 4-5e_uj 

^ S-tk^Jl 4o^ti jj^^- <lJLi ( Friction Coefficient ) ,*n^-,^vi j^u^ j| Sj_jLJ.i dull. ^ « , „j 



^^ actual ^-^ d z£s 



th 



( Venture ) ^uiii\ 

ujL i aj^l LLaJLLa (J Juta «_a i_ 1 1 uLlLIL) <Jju<-)j 4JLJ2 i La » i a 1 1 £_ 3j-^ M>-^ J 1 ^? 1 -" J-* - *- 1 ^ ~ "W J^— 1 ifuJI 



Q 



.'AT 
v A 1 ) 



'2(PrP 2) 



p 



nv 



(Blill 4^uSj 4*j*/ j*LtS 



^ 



^ .r 



oLwLul'I 







UJ 



■ 4-a.l mU ^yA A 




( ) -l)J^=u 



.<L»-j)j_U <Lcj_i_uj Jl^j>JI 1 La " h J 4->-j)jJtl (Jjt i*ii" pj j^Llj^^aJI jLp-I' j 1 '^" 1 (J-u^sjjj I JljI 

.(Venture) ^j^iiAJI jl ^i^U! Jj^j3 p^j 

. JJl^J.1 j_iilil LLajjiis JlIc 1 La » 1 a 1 1 Jjj-^ <J-"^ (*-y 
«_a JaJi uaJI (jj>-^ 4-3j-<-q-i (jLjj->JI <Ulj_<_u JJl^so /jJ-I' p ^~~' "-"' 11 «Jlj>-j 4 LaJj a. (Jj pj^jJL) 
.Jj3Ju-!l 4 j-i^~~ 1 JljJljso pjj ( pJLa^ *\ * j I pJLaY * * ) 4-ajLJr"n nU a Jl>-jJI j ^^ ^j^a >< *~' ' 
e Jlj>-_jj 4_i^5l_>JI 4 LaJj ■•- 1 1 (jJLc 1J>j^>-j-« (j iij 1 tju^ intl <Ul^ 1 11 jl jjjjLSil JaJ 1 ia ] I (j\-^=a I j} - V 



OL 



U<* 



i^ 



5 J^J>.J (J-JjJa (j-C 4_a-JjJ,l 4X.^ 1 11 J J LSj (_<_>iJ 4_j| LiLIj ( 



a* 



£ rT^— " ;l 



.jjj/LlSJI 



■ 4-Sjl 1 nil <U.}L*_U ^yi J^JlJI (JJl*-« t—ll I il~>- pjj 

_ "u _ 



Y 

r 

£ 

1 






J >J 



^ .r 



uLuLitl 







(^ V J 4_»-j)j_tl <Ulj_i_u 4^j-t-<uj tjl£> i ntl (JjuLA JJu>J /jJ-I' fft^3LSeHll 2 Jl>-j 4_LaJjj>- Jl paJ».jJL) 
(<s-i (_g II II (Jj^jlII (j^-JJ 4_!-}L»-tl jj— a 4j1 in~>- /<us i^JlJI ((jLjj_caJI ) (J^Jl-jJI (Jj^ta (j-u_i (JjLSj 

Qact = VX A 



- n 



n^ 






S 

.(3^jii!l icj-" <j-"L^ <4- ( Orifice ) i^jAll ^l jiiei^l IjJl^s "^jjua 

4_ui^=J <Ulj_i_u (JjjLjS £_ 4_ffcjji]l aI JlJt" 1 nl (jr lc SjJlJIJI tiljJ^-I jj ^-— "' (J-J-a-dJI I jLJk J o"^~" l J LoJl-Lc 

.,3^Jil!l 

.Z ^ * * 4 1 1 11 m SjLgi,! <>Ju4> tjLSjJ ^J\ (_)jjiim (J LaJ ^jl 

.oJj>.U 4 cL 



tSjlJLfclluUllaxa 

.4-3-1 1 ( nil l_i_)Li2J>JI j>_Lqj>. A- (5j I 11 La <L3jJL>3 



AuJUJISJ^JI 
(BJill 4^uSj 4*j*/ j*LtS 



^ 



^ .r 



jLwLul'I 







: 4_JLlI1 4jjL«i,l J>L>. (j-«s ijbj^ill IL. ,3^ Jill J Jm-a (_il uia. J 1 ^ cj 



Q = 

■*^ act 



C,*A .. / 2(P,-P 2 ) 



l- 






P 



•ol 



( U.65 J JjJljso jjb j ajJLsJ.1 duLj (_,(} 
.2jt^a]\ »_IaiLa Aj.1 i u a (_yjfc A2 



Stolic ■ 
pressure 



Measured 
pressure drop 




fit— t. 



~- Pi 



Differenti'ol 

pressure 

sensor 



J„„/ 



Sharp edge ' 

Orifice plate 



( Y-1)J^ 



V^ 



c si Alii 'iluS« 'iu>u w wLti uLuUdJI i liinOjJLijy 




( Orifice ) aa^II ^U&Lib ^ilfl 2u*S ^Lla 42j>1» 

.( r - 1 ) j^-t,t,ti 4. p-^jJi i..,,,^. »j^ji\ ».'^-»>» - ^ 

■ a! i iifll 4" i nt p miLa tiljjJlJ /yic (j^J (jb^>JI <Lcj_i_u 2— p ^~~ LSeUll 2 Jl>-j ( < ^— >j " ~ Y 

.<L»-j)j_t,l kcj-ujj Jl£>JI lLs-u a J 4^.jjJtl (JjJLliJ p3 j^Llj^^aJI ^jLjUll j. 1 <^a ( J_u^ajjj I JljI ~ V 

.pu-uj_tl (. qua. (OntlCC) 4-4>jji!l (J I jUx^JULl (Jjj^sjj plb - t 

. JJljsJLI j_i!u§Jtl cta^jLa JllC LLaJLuaJI 3j-^ <J-°W^ <*-y ~~ ^ 

jQll x_a 1 b_» tiaJI (j)J-^ 4_aj_t.cj (jbjj^>JI <Lc.j_i-u JJljso <_pJI p^-i-»-"tl 2jt3^j 4 LaJj -^ Jl p^>-jJb ~ 1 
.Jj^Jjltl ^^-l^-* JljJljso puJ ( pJLa^ "I * j| pJLa Y * * ) A-aJuir" 1 aJj s Jl>-jJI j '-^ a ^j^a 

p'~ l •""' ll « Jlj>-^j A-i^sLJkJI 4_Laj^>JI (_yic ' -}^>-j-« (j iut tjb^ 1 ntl kcj-uj jl jjj/Lill LLaJLuaJI (jb== I JJ ~ V 

l_3j-3j \ V J <L»-j)j_U Zcj-uu 4^j_t.cJJ (jLj-coJI (Jj^LA JJlJJO (_pJI p ^-.-»".tl JJl^j iiajjj>. jJI fo^-j-tb - A 

• ( v< ) tju^ 1 ntl (JjuLA (_il i g> « jlali 1 •■ ' (^ A" m J 1 La_» L^aJI 

^j_a 4_i_ubJ9 pj i_5 JlJI (JjljlII tj-uj j 4J^mi jj_a 4j1 m-v pj (_^JlJI (pb^ 1 ntl ) Jj^jiltl <Jj^*-« lt^> oj^" ~~ ^ 

p*~ 1 *»■'*'" »Jl>-j 4_LaJ^j>. 
4_J9}L«JI a! Jlst" 1 11L lilJij ujjjJ^I (j^a jt ^— a (_£? 4- ( V ) JjSJuJI ~*-C-j-uj uj! mt «^IalcaJ _ ^ * 

Q Act = VxA 



vr 






J >J 



^ .r 



uLuLitl 






.^LujLjjjJI 4 La i ul aj Jj^JuJI ^ m*^-i (JjjLlS 4_uLi^=3 i^jjua 
4_uj^=>j kcj-uj ^jjjLjS ^-^LusLjjj a I Jiir" i ill /t-I^. SjJlJIJI lILiJlJ jlj'^"' ' «Jl>-jJI oJl4> J ^"^-»" Lajtlc 

.iO * * 4 i i ii M ajl Ju>JI iJjub (jLSjJ J] <— lj JlTLXI (J uaJ (j) 



. s Jl>-I a 4 cl u 



. 4-S-i 1 i nil i <_)lJL>ijl x_L4J>- ^a (j-u-u La 4^j_*_a 



Vf 



AuJUJISJ^JI 
(Biill 4i*Sj 4*j*/ j*LtS 



^ 



^ .r 



jLwLul'I 







( Rotameter ) jJLwLjjjJI 

4_i_^jjVI (J^>.lj i-dj-jeTiJ 4_al^Cj J^— i ilul 4_iLijj^jid 4_x>-L>.j 4_l^jj| C(j_)lj^>. ^^^^IlxaLjjijJI ^j ^3J ' 




Guide wire 




Sharp edge creates 
uniform turbulence at 
both high and low 
Reynolds numbers 



Viscosity- in sensitive 



Floot shapes 



(r-l)J^i 



j .(^jJLcl Jl J^ uil jj_a x-jLII (jl_jijj>. i>l_>ijl (Jj_^=jj n i ii I j l_4j|j ' < *— ij ' jj^ujLSJ,! ^j_a p- a— JLI I I J_4>j 
jj^-— " J^jUU O^"" <-^Lui> U5^=^ ^ La J if ii ■-*--*-! «ljUI ialil^= ^ (jr^ 1 ' Z'*\'~^ CjI j Lulj OjIjjlJI (JL5^=lJ 
«L>sLal X-&J-* «LJL9 x-jl_U JJ)j-« Jl-Lcj Ij fl La wjjJljJI /y-^C as-lj-SJI ^jj-^ajj ,y>-L>.jJI <_)j_oVI (JAj-uI <LoIjjl!I 
jjj/LlSJI "j J - *- 1 (j-« fj-^' ' '^^ *— ''j-^- (*AI J -Ji-U X-jLU 4 m^- 1 *_a Luj/LLla - 1 ^— i ujJl pLajjl ,jj^~~ 'JJ A-oIjjlII 
cLi^ I la ■•- ] I 4 1 1 ii \j 4-ul 1 113. CjLiLtC. (Jj <L>-1_>JI ^jjJtJj aj_iI/Li^a tjLjj i nil (JjuLA 4-a.La /— Lajua (j-«ljJI j^yajL^-j 4JI 

.ZY^I^ 



(Jj_^=lJJ 4_alj*JI Jljuj (_Li3 Jaj LaJ I A- Jjj-^ I mi m (jIjJl^hJIj <L/oIjjl!I < __y^=^_L>- ^jl—i *-jU.I JJJ-* 

A—dajj^ta 4_i^jjVI (jj l_a-ij ./t3L_Lll lLjJi ua] I Jj)j a] ual i u a l_g-)jj ^jj-^slj LaJ^_t£. ( 4_ialj ) 4_JlLla 4_aljjtJI 

jLjJijI x_a 4_aljj«JI *_dJjJ 4_iicj <Laljj<JI dtJLflJjl I -i 1^— i jl Jj-J (J|jJl^>JIj 4_aljj«JI ^ru ( _^3jJL>JI (jLa J^— i uJI 

. y lZO 1/S J JJ (^ jU 1/S J (^_i fj\j~u (3^j3 (J^*-* 3 <j njiij (j\ ^jj.«LjjjJLJ ^j ^— i <i jj .(jLjj-uJI (Jjula 



Vi 







tA-JLUI Ol}U]l 

Q = A + Bx x 

.duljj (^a ( A, B ) <j| ^_t^ 

JLwLjjjJI j»li£uuLj 3& Jill 2LmS jcLid <^J>Ia 

.4_»-j)j_U <Lcj_i_uj Jl$j>JI Ja-Li a j <L»-j)j_U (J-iJi )""< j j^Lij^^aJI jL^iJ' (J-u-ajJ-i I JljI ~ \ 

(^ V,) J. Jj^JuJI 4_ui^= (_ll i n~>- pjj LLaJLJaJI 3j-^ A^j-t-1-lJ p*^"* **■"'" «Jl>-j 4_LaJ^>- Jl p^>-jJL) ~ V 

<Ulj intl 1-iUlI 4 ^'<*1^-. t I JJ^JlJLII 4_uj^= (J-uLjJS (*U-JJ 2 Jl_jJl>- kcj—uj ^IJ 4_^-JjJLI kcj—uu j-CL-tJ pj-J ~ £ 

.^LujLjjjJI a I Jiir" i iiU 

Jj^JlJLJI A_ui^= (_il in~>- pu_) J^-)Ju>JI JaJI i a II Jjj-^ *-^>*<->9 p^~~ , ~-" 1 II 2Jlj>-j 4 LaJj -^ ^Jl £^>-jJl_) - 

^ILusLjjjJI 4 La i ul aj 4jj/Lill (^ V<; J (j-l-i <UjLiLa (_)-«-£. puJ 2j_a <J^= ^r-J c - J 'J- a °^^- 4X. <-tjJl v ni" puJ ~ "I 

(ft^a-SeHl! 4 LaJia. jj-« L^J-lj-Jr" i ul puJ (_jjJ* \ \£ ) 4-»j.fla 



v« 



c si Alii 'iluS« 'iu>u w wLti uLuLuDl i liinOjJUjy 

.Jj^JuJI 4_L«-^3J kcj-uu (j-uLi^ i^- (j^ i nil i ^11 i nil .al Jiiejj-ul <LuLl^= <l3jJL>J 
<Ulj-i-u <j-"LiJ9 £- (>>-! '"tl i dJ mil aI JiitL-ul (^yic ajjJill tiijjJ jj^~ '"' J-^aAJI I Jl4> J-l"'^-— _' LaJtlc 

: uj) JulIJ j^iii ula^JI 

I J 4xLu 



:3tlfiL4l JjUjJI 
:3jlJL*}luLUiax« 



VI 



c si Alii 'iluS« 'iu>u w wLti uLuUdJI i liinOjJLijy 




( Hot Wire Anemometer ) jj-LJIdLJI 

^jj/LjjS A si \j U1I Dj_^ rf U , ,,lj I gj ^-» ^ « J 4_Jjlj^>JI d 7) \j U U ,<U-ul (j^>-> I iltl I Ml I rltl A I JlJt" I III ( _ T i£- (J^ 3 ' 

(j~LJr in'ilLt 4_2jj_LaJI <JJ_4> ^j^ **■!"' 3 a <Luj_«^aJI jjj-^ ClUlj mil (Jl ( Cj/> * , * V ) (JJLa 4 uaAie * ^ CjLcj_uj 
(Jj La j ( («JLa * , * YO ) vJaJL) ^ i ii Se Till ^^a jl <1^3-il ■ i •■ jl (j-u^LJI ^j^a pa * i a a f-f^J ' Ml i aJ (_yj L)j^^=lI I 

i-iU_L.aU J^>-»^l Jj^*-« jj^-j ^ Jli .^>»LJI i-iLLJI jjjJ ,3^0111 JjL^JI jf jUJLI <_P=>>*3 *u ( *>JLa Yo ) 

4- aJI j tiUJL^=j ^jLjj ^Lj^^oJI icj_^ 4- ^i- 3 tiHJ^=j j^uij i-iULJi uru Sjij^i **.jj 3>a 4- ^' j 

.,3^jl1!I ^^-i^-— 

: (j-OJLj-laj jL^3tiI ^j-ul i ii*«.1l j ua-udl <LajLLa <l3j_t« (<UJJ 

/— ll 1< j^~* II jLl^l' J ' '•" " Ct-LUJ - ^ 

.(^yjLlj^^aJI J (j -> 1 1 3j-^ C-l-l u j - Y 

I_£Jl^.I — (J-a^JL) (_£jlj^>JI JlJLUI (_ll i ii*«. 1 J *-jLU sjIj-3- A_»-jJ (j_a (JLc.1 *jl>- > ' "^"J- 3 (_jU J '-*>'♦'! ^jje i u <J 

2 
•(jj^ -1 ,' (jljj^l <UL». 4- •( A X K- J a Sj 2 a 1 , 1 4-Uj^^=lII SjjJill x_a ^jl mjj (_£JJIj - SjIj^kJI JLaHJl ^J-^ 3 

h = C l + C 2 xJv 

.(j-i-yzz Li)jLl1II ajui ^^^ 1 

.sJu»._aJI i Ml nit ^jj^tl LajLai.1 ^^ IV 

■ i Ml i nil sjlj_>- ^-J- 3 (jr 41 A W 

.£-jUI ajljj* A^jJ ^ T F 

.C^jIjj ^A Cl,C2 

j ua-utJl «JaJLa 4->-l i ii a ^Jb J\ 

.(Jj^kJLi ajlj_>JI (JLajjl (J^oIjla ^Jt D 

.L^jjla jljJ.1 *-jUI ic.j_ui (_yA V 

•ULj" ' "J3-^ *J a! Jltt" i ii Li 4-a_a,mi ^jj/Li^ ^j^— » i >a 



VV 






J >J 



^ .r 



uLuLitl 






u^Luu^ul : j*aL*JIJ^A)l 



:3jli*ll 



.Sjl>.Ij ^ cL 

.CjjZuJ « )^J-)I ' 4_i_ujL>- 4j| I 2 i) La-uu-4 i j<u5 

:3)lJL*}luLiUax4 

. 4.3-1 1 ( nil i_»jlJL>JI j>_Lqj>. ^_ J)." " La 4^jjl>3 



VA 



(Biill 4i*Sj 4*j*/ j*LtS 



^ 



^ .r 



jLwLul'I 







(Petit Tube )u^Luu^i 

. i _ T i==JI i La » i a 1 1 ^uLl2J 4_>. aj jjlus I < s^J-il 1 j 1 a- 1 J I J ■ ^~ ~*_ "' ' " *' JaAjLJaJl (Jj/LlSJ 



fw stream 



^- Stofic topslseverdi, equally 
/ * spaced around circumference) 



/>i K Pilot . yfjtag 




L Measured 
— Atag. ™j volues 



Inclined 

differential 

manometer 



( 1-1) J^=_j, 



.JftJL 



^jjl 4-jclu 4_uud 



2^1 u 



J _ 



Oilis 4J ^jUI o l d> J - u op 3 J^- t( 4- J^-MJ U 



^= 



^-i '"I" ■ ■•! . U » » >> jl 4_Lt.iiyj AJsLLa 4J >jj^~~ '"' I *^— I i " f-jLU >JJ^~" ' ' 



aLbjJI Jal^aJI + 



ptLuiVI .Ui.MI = JL^JI .U4.MI 



v^ 






J >J 



^ .r 



uLuLitl 







1 tot 


= P„ + 


p 

J- dyn 


p 

J- dyn 


= P 

J. tot 


P„ 


P 

J- dyn 


2 


2 


TJ - 


J2AP 





p 

.Icj_uj1\ ^Jk ( U ) ^p- 

(,U:,ut| ) xjis^JI £al_L i^jL-uj *-jUJL! LJL^aJI £aLk]| jLi tiJ^elil *-jU1! 3 j mTtLj 

1 2 
mgH -\ — m\f = X£=a <jj>J\ aILL 

.d*juuzl\ JjU-a f-LdJjl H 
(jl (_£l < I '^— -1 ■■■ jt_5LI,l jj^-— _' LaJtlc ( LLaJLis ) f-tisj 4J9LL Jl (JjjxIu fljufc 4^=j^>JI AJsLLj 

1 2 

mg/i = mgH + —iriy 
or 



V = pg(h-H) 

shxj>i}\ Jj^JiJ (J^*-* 3 jjj^""* ' 4j1c s-"- 1 J^-^-^J- 1 '-^' jJ-»»— <-" i^j" ' " a 4r t3>^' (jr^ (-H^-H ) S_L*^aJ! (jl C— ^ 

:^(Q) 

e = AxV2g(/i-//) 



. ^Ij-JI 'LC^j-u (J "'^*' CjjTljL) « )_9-J-)l (J <1 t"l I n < La LJLcj *_jLU 'LC^i-u (jjjLlJS ^_ CjjILu « l^Jjl (J +" ' nj^ 



A. 







U^dUU UftJI j»lJk£uvLj ^I^A) 1 ^ Jill JJUMJ 4£>W t^^ "*2jj^» 

. _1^_>JI Ja-LLa /qj (j uLlHII a p^~~ » -»"'' a Jl>-j j-uj \a Ja-ijLa /%jj ~ l 

.CjLcj^JI tilt] 
:4-L?Ll?l aJjUJU a! jLJr'nuL dUj j (jlj; <ntl Jjut^a l_ll ui> /<UJ ~ Y 

Q = Ax V 

.( Y i Y ) £* j j La -•- S I JlCI j <L»-_aj_tl A£.j-lu j-uJCa /<kJ9 ~ 1 



A^ 






j"'"JU ^~*- < 4_ujjJI CjI J <LajJi]| i »j La i •■ a i *> *!"-»■* 

.J^=jJI 4-flJI ) nil jJJ/LlSJI <5J_£>.| jj^O jl^>- (J^= 4JQ &,} JlJJl^CJJ (<kJ3 - ) 

A niiUll a 4_uL V-'-^JI CjLl4^3l1! 4_l«v2 ) 4.q_l3 JlJJuSO 2— i v'l lSJI fclc 4_L4-A>I 4 Mi^LLa a JlJJl^CJJ rt^k — Y 

.(3^Jil!l ^-J- 1 -" <■ £&Sj1\ 4_uj^= ' <-tai uaJI c2jlj^>JI 4^jJ : JlLa 4_AllJtJ,l 



AY 



AwjUJlSi^Jl 
jidUl XmSj 2lcj*i juLlS 



J >J 



^ .r 



uLuLitl 






, U» . V-tl j 3j!^_j>JI 4_>-j.} tjlua <LaJuie 1 1 a j « j . U 1 1 diu a ^— ■ U Ci^M-J^^Tl!! Qui i n~>- { JaC A I" ±*~~ ' £i3jJL-a 

.(^LLaj^jJI a I la * 1 1 ^J\ (_£_p-tl aI lalll ^j^a (JjJaJI CjI Jl>-j Jj^ejj ^ — ) 

.(-jUaj^jJI a Lkiil I ij\ (_£^m a Ua.1] I ^^yj ajlj^>JI 4-»-j-} 2 Jl>-j (JjjjsIL) /<kJS — Y 

.(—lUaj^jJI a I la * 1 1 ^J\ (_£_p-tl - ' la * 1 1 ^j^a 1 La » 1 a 1 1 (jj/l_iJ9 s Jl>-j (Jj_aJ*jj /<kJ9 — V 

J] /, il LaJj Jl a I lall I ^j_a 4_u jL>JI ( AJsLLaJI ( ajJiJI tjlla 4_uuj_LiII '"' _1^~*^' ,_)'"* ' (J^ 4 - 36 ^- 1 && — £■ 

• l^pil AlialJI 



Ar 



o 

o 

:jIjJLj jjb Li^ ( * \t) 
SsjIj^kJI i>.jJ o"Lj^ «fr ^iti! AJaHI 4juutl — Y 

S<uj/L2il j 4_uLuL>JI 3jIj^>JI lA-> ^^ll>V! (. 1 1 1 n j^k La — X 



M 







(t)|^j^Lo}|uj)aill 

.^jjjLlSJI Sj j - *- ■ «j_iLl>3 4-UJjfcl 4^J_*_« 
.(jj/LujJI Sj^>-I Sj_lUL>S 4_JL<3^1 ^_ p ^— > -»""' (_jJ-!l J-l^LL*JI p-AI JlJJlJSO — ) 

.(JjjLlSJI aj^»-l '£— 4J9jJI a j j a a Jjjuso — Y 

.(jjjLujjl jl j - *- 4-Lml ( n~>- < ll ( n~>- X 

.( /oJLa \ ) t_gjl i uJ ^jj/LlSJI aj U , „ f, 4^ j - ^ 
.( ) ^gjLmJj^Lajj^SL-dl £aj 

t^yJJ La f-JJJ (J uLjJlll jl j - *- 4-LLjil ( rl~>- < ll mi's' — Y 

.^La^«j_<iu I 4 u-. , „lj < ajl^>JI 4^»-jJ ^j uLj-2 ) pJ9 
.2jlj^>JI 4^»-jJ ^_j_<Jl1II jl jJLa . U>-*-V j ^t!^ 2 ' 'J"' (3-4>^' ^-La£ (j~LJr ' "" ' (*^ 

.^ILaj^aj_uJI ^_ JjjjjJI 4^=j_»- jl jJLa ^jj/LlSj pJ9 
^-jjJlIII jl jJLa (_yic I a a ' •■ S a (JjjjJI 4^=jj>- ^_j_<Jl1II jl JuLa t_gjl ) uJ 4_U-ul ( »■>!! ,jj^~~ '"' "AjI^. 



A» 



AwjUJlSi^Jl 
jidUl XmSj 2lcj*i juLlS 



J >J 



^ .r 



uLuLitl 






( )|*9j<^U*lluJ>JlUI 



:3>lJi*ll 



.4_ujjJI CjI j <LoJl2JI <Ja ■ ul aj a! i n-v^U <Ll»-jL>JI j A_JL>-I jJI jLtJ^fl (j-uL^S <LuJ-l^= <13jjl>j 



ju^IWI 



.4-uj^J| Cj! j OsJlSJI SU,..Ij^i ~1 ,,<y >U 4-t»-jL>JI j 4-lL>-IjJI jLij^I L y\-±& 



:u\$laxl\ 



1 I^jTiai , i it'll j i '"j"^ ' al ..i-^-VI jj^« it 2 i-^jl i-t| J 2 ili.|, lt| si • lV| jj,.! <Sl p«\ 


(_jQJI (0 1 if*!! 


jjVl^«.*tl 




( 4-4j-uI ) <>j-«J 




( «L«jjiI ) <>j-«J 




dtjU 




dKU 


*_)ljjl (0 I n->.tl 


CjLIiJI rt 1 »*> II 




( 4-4jjiI ) <>j-«J 




( «L«j-ul ) <>j-«J 




dtjU 




dKU 



:uL&?-^4 



At 



AwjUJISi^JI 

jidUl XmSj aaj^u jj/Llj 



J >J 



^ .r 



uLuLitl 






( 1 )(^^Lo)luj)i^l 



:3jlJi*JI 



j" "JiJ ^~~*- (*' ^ r " ' "" jL*-lVl (J-uLlS 4_uLl^=> i^JJL>3 



( icjJlLa i_tjjUl j i_J!j^ ) a! (n^VI (j-^tjJ ijO*jL>JI j ajJLvIjlI! jUjVI ^LiL ajs 


j^QJI (0 1 n->il! 


(JjVI (0 1 f|->n 




( 4-4jjiI ) <>j-«J 




( «L«j-ul ) <>j-«j 




dtjU 




dKU 


*_)lj_JI (0 1 n->.ll 


I^JLIlII /<> 1 »-> n 




( 4-4jjiI ) <>j-«J 




( 4a<-uI ) oj-«j 




dKU 




dKU 



:uLiaOto 



AV 






J >J 



^ .r 



uLuLitl 






( V )^3j^UaJluJjJutJI 



:3jU*N 



tGljiVljiljtl 



JU^IWI 






• ul^a^JI 



4-ljl-Lt.U ^jj/LlSJI i_JljJ9 ^j^a icjji^ta jLix>-U /<kJ9 - ^ 


^ISJI c_JU11 


JjVl c_JL2JI 




"->J 




*>J 




<U3j 




<Uij 


2Al"^-lli , , il iVI j 2 , 1. i«l 1 1 .Wj^W -ja 2r j*,-** j\ ,'^^.\ % fp* — Y 


2 i\\'-,\\ S.UStl 


JjVl JtUstl 




L^j-^j 




L^j-^j 




L^j 




U*ij 



■ Ajjl-Lt-U ' .tljrttl a U 1 ul ftJ A-uJulXI » La.aU (Jljla VI Sj_iul>s j AJjlJLd-i ^ — T 



tLJUa^^U 



AA 



AwjUJlSi^Jl 
jidUl XmSj 2lcj*i juLlS 



J >J 



^ .r 



uLuLitl 







( A J^flj^UaJluJjJutJI 



:3jlJi*JI 



.^ILa^a_j_<iu I ^jjO 4_nJQ5ta p'3-il 4 '-" ' "'J.' * J '.J-^* 1 -' ' < *- >- J-^ 0-"4H^ 

^j u '^ ^ 1 1 la » 1 ia 1 I j" a a a< "' 1 (JJljlLI (^l_u^La_j_a^_<iul 1 j la 2 a ; I a < «.La (jLx-uj t /— S-liVjI j~ aa *j lUI 

.*dJ9 <J-aJ<JI 



JU^IWI 



.^ILa j^a^jILl I jj^a a Al"-»^ f-ljjL) ajlj_>JI 4_a».j.i (JjjLlS 



Jai uaJ I ^La^a_)_u 4 la 1 ul aj ^_)Ii j)j^>J, I t^JDJ 1 x_« j La 2 1 , 1 «.LL 
.(jjLtll j^Uj^Laj^a^jILlI 4 La 1 ul aj ^^j^^sJkl ;*-Ll!I x_a j La 2 1 , 1 «.Li 

w/ * *-Q J~ n J 1) A ' J.' L^- i '-*^' .>?^' 4: J * ' *"-* 

, u » , :- tl j" ^j aj ," 4 U , ,.\j\ ^jLxJI 3^>JI 4: J * * ^^ 

.(jjmi.1 (^LujI^j^jjIII SU,..Ij^i ^JiLtll _a^>JI 4 j La 2 1 , 1 *U 

^ * *-Q j" "J 1) A ' J.' o^* ■ >La.2JLl *LL 

, U* >>»U y, aj aj,~ 4 La 1 ul aj ( _ T i*J.I jJaJii, I $.LLI 

.(JJulXI j^Lu^Laj^a^jilJI 4Ja ■ ul aj (_li-tl j La 2 U «.Li 

.(jLtLtll j Jla^eIII jluc *UI Cj^?L»- (j-a aJL». J^— t aJlL-JI Cj 



h 



4-»-j-} (Jj/LlSj /<kJ2 



Y 

r 

£ 



1 

V 
A 

\ 



t^* oyi oj 



11 



^ 



;uL£?-^4 



A^ 



AwjUJISi^JI 

jidUl XmSj aaj^u jj/Llj 



J >J 



^ .r 



uLuLitl 






(A )(^^Lo)luj)iDI 



:3jli*ll 



*£ljftljil>tl 



(mV)^L^=JI ,i^JI 


*U! SjIja i^jj 


S*lj-£]| pAj 






\ 






Y 






r 






£ 













i. 



.4_uj^^=JI <LajUm 4 La i ul a ■) 2jlj^>JI 4_»-j.i (Jj/I_l9 
.4_uj^^=JI LajLiil 4 La i ul aj 2jlj^>JI 4_»-j.} (jjjLiJS 



iu\$kal\ 



.^jJ^Laj^.uJI }l^= 4 La i ul aj ^JulII J^><-!' 4r ) ,^ * *^i' 'J'J-* - ^"J-^ (J-"*-^ -1 (*^ — ^ 
.jjJp^aj^a^jILlI ^L^= 4 La i ul aj «.Lil ajljj>- A^»-jJ (j-o£ J fyS-ul «.Lil Jl (__>Ii j)j_>Ji, I ;*JuJl A^LisLl <£ — Y 
.jjjp^aj^a^uJI M-^= 4 La i ul aj «.Lil 2jIjj>- 4j>-jJ ^j-o2 j (_jL)j_^=3l!I (jLje-<_uJI (J-iJi i"i"m /<kJ3 — V 
ajlj^>JI 4_»-jJ ^jjjLjS j /, 2 '^j ll j" "j aj llII 4 La ■ ul aj sjlj^>JI 4_»-jJ (jjjLjJS (j-L- 1 4_JjlJLa (J-«-*-l /<kJ9 — i 

.kjs^La\\ jlua^aj-a 4 La ■ ul aj 



juLia^ito 



1> 






.(Thermister )jIi»/3^AII iL^l^j SjIj^kJI ^>j.} <j-uLf9 £ajjt-« 

<Ua '"'J^' <-1UJl^= Jj" i nj-a^-uJI «Ua mljJ ;_£.}1_*JI a >JI ^_ ■ alll «.l_ll ajlj_>- 4_»-jJ ^jjjLlSj /«Js — \ 

j j" i nj-a^ILlI 4 La i ul aj ajlj^>JI 4_»-jJ <5«.lj_J9 (Jjs-uj j ■ alll s-HI J J (_>Ii_aj^>J, I /J-L<-II A^LiisU x±2 — Y 

) _/ * *-Q j" "J ^J ** ' 'J.' ' "^' '^~* 

^ILa^_a_j_<iu I 4 la • ul aj lIUJl^s J^>" i ii^a^ItJI 4 La i ul aj Sjl^^>JI 4_»-jJ (Jjse-uj j ^jLa- i nil (Jj* i""n /«J9 — V 

>_/ ^ ' *j J~ *J 1) 3S~' ' "3-^> u -"' ** ' 'J.' 4 l** - ( "U *jl >*"' < *- > -J-i 0"*- 1 4_)jlJLa (J.q-t-1 /«J9 — £ 



*y 







.cLcIjjI i allie i ' j" *j )l 1 ,1 4 U , „|^ jLiJI j JjL-uJI JaJLLa ^jjjLiJS 4_ui-ti=3 <l3j_t« 

.( \ ) *klj ic.J-1-u (_^i£. A^jjjJ,! (J-L t -iu T L) *£ — \ 

\ U ) <— 2j->- ^La^aJLU 4-La i "Ij; JjJL>JI Julj j <JjJ9 i La ♦ i a ! I 3j-^ (J-^W^ 1 (^ — ^ 

.(JjLil ^LajjLtl «Ua i ul aj JjjLJkJI Jl*_i j <_)j3 ilaJi tJaJI Jjj-^ O-^W^ -1 (*^ — ^ 

.(jlj^>JI ^LajjLa 4_La_i_ul^o-l Jj_)L>JI Jl*-1 j (J^- 2 ' * ' a t3>^ O^W^ -1 (*^ ~~ ^ 

.( *\) /<^j Zcj-uu ^J I ( ^ ) *kJ9j kcj-uu ^j^a 4j>-j)j_U Zcj-uu j-UaTl) /<kJ9 — 

.( £) rti^j ajlaj. Jl ( Y) /<kJ9j ajjaj. jj^a d) I ala^J I JlcI — "I 

. 4.3-1 1 i nil 



<*r 



.(jjjj^j < !_^J-il A la ' "'J.' <-'**■ "ill Jaa. (_Ji.Jua Jtlc JaJi tjaj I ^jj/LlSj /«J9 — Y 



juLta*^ 



<U 



AwJUJISi^JI 

jidUl XmSj aaj^u jj/Llj 



J >J 



^ .r 



uLuLitl 






( U J^flj^UaJluJjJiin 



:3jlJi*JI 



■ Ci-lU (Jju»JL) 2^jL*J,I 4 La i ul aj 4j^jL*-<3 j i La » i ia 1 1 ^jjjLiJS 4_uLji=3 <L3j_t« 

.4 iil"-»-a 4_uJul>s J"'^~~ > <(J-«-*-!l ^j-uJ^La (O-iil (JjusJLi 2j_)Lfctl jl^>- 

.Cull J^usJI <LLa i ul aj 4j^jL*-a j i La » i ia 1 1 (jj/l_iJ9 

.wjLlII LLaJLuaJI 3j_iLt<jj /<kJ9 j (j " j^-* II 3.3^ 4_uJl*JJ J"'^~" >-ll (j-a <Lcj_«_3ta *_iis^j /<kJ9 — ^ 



( Pascal ) 


2 i'i.i.t 1 J~<^—tl 2 ,a 
(kg) 























.( Y ) /<s-Sj 6 j La jh II jj^a LLaJLuaJI 4-n-iS j <LuJu<_LI J"'^~~ «-?! 0"V i^^Ltll (<u-ujl — V 



juLia^ito 



*» 



jidUl XmSj 2l_j_« juLlS 



J >J 



^ .r 



uLuLitl 







( \0 ) |«_j ^Lttfl UJj-£M 



:3jlJ_*}| 



}lj|jriMj_lj_,l 

•c\l _Jj CulAOj *—^ l' ■• A *- ■ "'j.' ijaJajJI ^jj/LlSj /<l3 — ^ 
.<LsL>JI SjIj^kJI i>-jJ (J-uLuL) /<l3 - 
4 i la j 1 1 3jlj^>JI 4_»-j.} ^jjjLlSj /<l2 ~ 
.4_lCj-l!I SjaJajJI j 4j [ i gill SjaJajJI r-lj-jr" i uLl /<l2 ^J^"'"JU ^~*-' " 4_Laj^>JI a I JlJt" i uLl ~ 

.OQjj/JuO^-lJI jl^>- 4 La i ul a ■) 4 j 1 1 gill 4j&Ia>Jl (jj/LuL) aJ9 — Y 

.j^^J^l^aJ^fl <L)jlajJI jl ga» 4 La i ul aj 4 j i 1 gill A-ijiajJI ^jjjLlSj /<l2 — V 

■ 4JL1 ( ,itl CjM^II Cj^?L>JI ijja J^-— ? 4_l.ll.u-LI I 4JalajJI a-l3 £rU (jjLJ9 — £ 



*n 






\ J\\ J ^\j^l\ tjLjj < ntl £_ p^— -»"tl 2 Ju»-j <L>-L_u>J j j-LaJ9 JjJl^cjj pJ9 — ^ 

.(^ A_2 ) (_£ j j-iiiiit I <L>-1 i na j J-LaJ9 JjJirtl) pJS — Y 
.<Lcj_i_u (J^sJ i La * • ia 1 1 3j-^ **l>^ d"-*-"-" J AjLtsta CjLcj_uj (JLc <L»-j)jJ,l Jjt i""n pJ9 — V 

.(J^JijJI 4_l«i^= (_ll i n~>- ^_ Li^JJ *■" ' * ' 4-taL*- a ;*JL3r" i ul — £ 
4 LaJ>3» ^j_a Jj^JiJLtl 4_ui^= JljJl^cjj pJ9 <Lc.j_u (J^atJ ^jj/Lill Ja-LuaJ I Jjj-^ J <L»-JjJt' "*■£■ J-"-u 4^j-t-1-l — 

p^~~ ' "»"'' sJl>-j 
.(^I^jJI (jLjj_ijJI '£— kcj-uj J^— 1 1 Jj^JuJI 4_ui^= l_ll i n~>- J . U» ,^tl Jjj^ S*ljJL) pJ2 — "I 
j (jj/Lill Jj^JljJI 4_uj^= ^j-a (J-^= f— « ' ^Uj ^~- J i-LaJt i a ! I 3j~^ J 4^lj mil (j"^> i^^L»JI p-<-uj-> p-J9 — V 

.« ij m*>ll 



HV 






.( Orifice ) Laj^JI SU,,.Ij^ jjajujl 4-u^= o-"^ ^.^.^~" ' ^j-*- 

.4_uj/L>- <U| t 2 jJa-m^a ((JjjjlII ^j-uJ^La ( /<s_!J9 < (JjLtl ^LajjLU 

.( Ai, Dj ) (^yjl^JI (jLjj_caJI '£- rf\^-i-^lll 2 Jl>-jJ (^jI^JI ^j^>J,l Ai>.L_a>j j j-LaJ9 jjJltcjj ^ — ) 

.( A2, D2 ) 4_4>jji]| 4-^-1 1 it a J j-LaJ9 Jj Jirtl) aJ9 — Y 
.<Lcj_i_u (J^su 1 La * < ia 1 1 3j-^ **l>^ J-"*-"-" J ** ^l"'*-" CLil£.j-uj (JLc 4_»-j)j_tl jjt t"~t\ ^ - V 

4 LaJ>3» ^j_a Jj^JiJLJI 4_ui^= JljJl^cjj /<kJ3 <Lcj_i_u (J^=iJ ^jj/Lill Ja-LuaJ I Jjj-^ J <L»-JjJt' "*■£■ >"-" <L3j_*_<i-i — 

j (jj/Lail (3^ Ji_jJ1 4_ui^3 ^j-a (J-^= f— « lLUJl^= j 1 La » uaJ I 3j~^ J 4\g.j mJ| q\-} 4_S^L«JI p-ujj^ /«J9 — V 

.(D 2 ) 4-a.jjJI jJai j-ilATli dJJj j ( V ) fj\ ( \ ) (j^a CjljIaiJI JlC.1 — A 



*A 



AwJUJISi^JI 

jidUl XmSj aaj^u jj/Llj 



J >J 



^ .r 



uLuLitl 






( U )|^j^Lo)luj)J2II 



:3jli*JI 



.( Rotameter )jILal3j)jJ I 2l*...\j\ jjajuJI <u*^= j icj_<_u qm\-^ a-uL^s ajSjjus 

tGljiVljiljtl 

-.ufUall 

.^LaLjjjjJI 4 La i ul aj JjjtlJI 4_l«^= J <Lcj-uj (Jj/I_l9 

.^LaUjjJI jL^a- (j-« 2j_iluLi_a Jj^JuJI 4_ui^= ^jj/Ll2j pJS pu 4_»-j)j_tl kcj-uj i La ■ i a ) pJS ~ ^ 
.^LaLjjjjJI «LLa i ul aj Jj^JuJI 4_ui^= **'.>^ J- 1 *-" °J^° u^ 3 Ar 3 ^"JLh^ 4-g. j-m j-uJlL) pJS — Y 

t^llJI JjJl^JI 4-llClI pi — V 



Jj*<V lit j 2 , <!^-i 

Qrot 


V(m/s) 























.JJ3 JuJI 4_ui^= J <L>-j)jJU <U1j_i_u jj'V iS^Ltll pu-ujl — i 



:uL£?-^4 



^ 



AwjUJISi^JI 

jidUl XmSj aaj^u jj/Llj 



J >J 



^ .r 



uLuLitl 






( W ) (iflj ^1«jlM ujjJlUI 



■ ^jjt-l ) rill l s \\ 1 ntl 4Ja I ul^J Jj^JuJI 4_ui^= J kcj-uu (J-"LlJ9 

• (j^>-l ' nil 1 Ml i n 1 1 i^ya ij-uuljua (jj^JuJI <LC^_i_u «*|j^9 ^se-uj «3 <L>-j)jJll A£.j-uj • la ■ lia < pJ9 — I 
(<u9 (<ui (^ A ) p ^-» --" J I 2 Jlj^jJ » U £ 1 1 4^.1 1 ,1 a 1. 1 1 ii^-l j p^-.-»."tl 2 Jl>-j >Ia£ ^j^/LuLi pJ9 — Y 

: a_JL<J1 aJjiUII jj^s Jj^jlII 4_u^= 



Jj^JuJI Jjut-a 


(J^JuJI kcj-uj 


4s*-£j\\ A£.j-uj 





















.^£SJl\ (J Juta j ic.j_i_u jj^a (J^= J <L>.j)j_U <Lc.j_i-u 4J9^L»JI (<u-ujl — t 



:uL&?-^4 



AwjUJlSi^Jl 
jidUl XmSj 2lc>« juLlS 



J >J 



^ .r 



uLuLitl 






( Y* )(ft3j 4^*11 UJ)JUL^I 



:3>lJi*II 



.<L»-_JjJ,l <Ulj_uj JJl>- J p^-.-»",tl a Jl>- J j_<I/|_d 1 U ■ i>»t pj9 — ^ 
.Cjjjjj (.J^j-ll 4 La 1 ul aj j_jI_o-JI |_£j^>Jkl ^_ (^ V J pLjJ 1 aJI <Lcj_uj ^jjjLlSj pi — Y 

: LJllJI SJjUJLl lxucl <_iUj> j ( Q ) (3^Jl1II J J^«-a i—iLtUHj pi — V 

2 = V X A (A = 0.031m 2 

r^llll JjJ^>JI J-**J pi — £ 



Jj^JuJI Jjut-a 


(J^JlIII <Cj-i-u 


4s*-£j\\ A£.j-uj 





















.Jj^JjiJI 4_ui^= J <L»-j)j_tl kcj-uj ^j-a (J^= J (_jl_o-JI tjLj^ 1 ntl <Lcj_uj (j"*-> il^Ltll pu-ujl — 



:uUa?-5k 



^ . \ 



AwjUJlSi^Jl 
jidUl XmSj 2lc>« juLlS 




J >J 



^ .r 



uLuLitl 



UjJUl J^ jrf J J>«UI lli UAJ 






tTcjjLlJI :i_JLkaJI /<u-ul 

i *V *Y ^ :*JjUJll :c_JLLaJ!^j 

lHJLlJI pjji^ta (j^a / ^ ♦ * J-iLtJ La : ( _ ;r LcVl Ju»JI lLLoIII f^AJXja {yi '/■ A* J-iLtJ La t^Jjfl Ju»JI 


uUl^JI 


^ * * «~ 1 1 \j 1 1 




4j>-1 i n U j /«_^>JI j (JalaJI (Jj/Ll9 4 ja frl 4^j_*_a - 
aj!j^>JI ^>-jJ (j-ul_iJ9 4_uj-4iI <l3j_*_a - 

<UalajJI jjj/LjS 4_La-£>l XSjjlA ~ 




^3-a^>Jkl 



:dil fc»-*-\l a 



:*_!jjJll f-f9>J 



^ .t 






J >J 



^ .r 



uLuLitl 




UjJUl J^ jrf J J>«UI lli UAJ 






tTcjjLlJI :i_JLkaJI /<u-ul 

: <La}L*JI CjL>-jJ^ Cut \ p i£j oj-tid a I Jtjj J*^-* 
tLLalJI f^sta (j-a /M ♦ • J-iLtJ La t^yi^zl Ju»JI ilaLolII fa^ft/j <j-a / A* J-iLtJ La t^jVl Ju»JI 


uUUU! 


^ 1 1 «" Tl \« 1 1 




(—iLlaj^xJI a 1 la * 1 1 ^J\ (_£_p-tl a Lta-Lj 1 ^j^a Cj^taa-^iJ' <— il i m~>- ~ 

(_g_pi,l a! Un /tl J J j^yjLLaj^uJI ■> LtajLl 1 jj-a CjM->J-=ej-J' <— il i m~>- ~ 

^LtaJj /tl ^LlaiJI Jl (JJpJtl ALtilll (j-a SSTuAl CjI Ju»-_aJI /<ubi (jr Ll i_flj-<TJI - 




ts^ 1 



•/~ll u^\l f, 



:*_!jjtil £-±£jl 



> .r 



AwjUJlSi^Jl 
jidUl XmSj 2lcj*i juLlS 



J >J 



^ .r 



uLuLitl 






UjJUl J^ jrf J J>«UI lli UAJ 



:j>cjjLjJI :i_JLkaJI /<u-ul 

: <La}L*JI CjL>-jJ^ u.it i p JL) oj-tid a I Jtjj J*^-* 
tLLalll pjji^ta (j-a /^ ♦ • J-iLtJ La t^^JLizI Ju»JI daLoill fj^i^ta <j-a / A* J-iLtJ La t^J^M Ju»JI 


iUa^I 


fliin"ll Sn / ( 




jjj/LlSJI 1 Laa. ^_^p|3 Lr^ M-aLud! /a-ifcl (JjJLuo ~ 




tJ^^ 1 



:d)l fc»-*-\l a 



:*_!jjtil f-fSjJ 



> . i 






J >J 



^ .r 



uLuLitl 




UjJUl J^ jrf J J>«lll lli UAJ 






tTcjjLlJI :i_JLkaJI /<u-ul 

: <La}L*JI CjL>-jJ^ Cut \ p i£j oj-tid a I Jtjj J*^-* 
JaL2i]| pjj^ta (j-a /M ♦ • J-iLtJ La t^yi^zl Ju»JI JaLaiJI fj^i^ta <j-a / A* J-iLtJ La t^jVl Ju»JI 


iUa^I 


^ 1 1 <i" Tl \« 1 1 








tJ^- 1 



:d)l fc»-*-\l a 



:(_!jjtil f-^jJ 



^ .0 






J >J 



^ .r 



uLuLitl 




UjJUl J^ jrf J J>«UI lli UAJ 






tTcjjLlJI *' JLIaJl /<u-ul 

: <La}L*JI CjL>-jJ^ Cut \ p lSj 2jJi2 a I Jtjj (_L^= 
JaL2i]| pjj^ta (j-a /M ♦ • J-iLtJ La t^yJLijfl Ju»JI JaLaiJI fj^i^ta <j-a / A* J-iLtJ La t^jVI Ju»JI 


uL=Ui]l 


^ 1 1 «" Tl \« 1 1 




4-UJ_aJI CjI j JLaJrttl 2-La.mljJ 2.JL>.ljJI jL*J^?l <j-"LiJ3 (jr ic i_3jjlLJI - 
^j,,l , Stl i '"j^ 2U , „| a < X , ll «t,| 2 ,1 <5<- l<- i Aj «"t| - 




tJ^- 1 



:d)l fc»-*-\l a 



:*_jjJlII f-f9>J 



^ ."\ 






J >J 



^ .r 



uLuLitl 






( ^ ) j ^j tt 3lAjL2^l 



. ( _ ;r ».jjjilll <_L>JI ^11 jJa-LlLl lLLL)L>J A^ej^s <j-a Jl^=G /<u 4-lJLLJI AJlm^fl {j£. ua| 



:1 



O"" 






jjjjLlSJI 



L^kJI- j 



4J9jJI 



jjjjLlSJI I Laa. — <> 



:Y. 



tr 



S jjj/Ll2JI jL^>J 2j_lLtll 4-J aX «.ljj>-J (_l>-j"i i in ^^jialj^.l 4j}1j j^=jl 



:T. 



ir 



S a j dy y I o jub j^ jLg-»- <J^= i^-i j-^= J f-a (Jljia 2 I jjj/LlSJ lj^>-\ Aj^Lj j^=jl 



:£ 



O^ 



S I a it\ La (j-u_u-uj (j-uijj Jl (jj/Luill i_JljJS p i •■ 2 *" 



:0 



O^ 



^UaJ^-JI Jl i^lil j>UalJl (j-a <u]lUI (<M^JI J_5^- 



A-lm 2 = ?ft 2 . 
B-lkg = ?lb m . 
C-30C° = ?F°. 
D - 2 bar = ? psi. 



\ .v 






J >J 



^ .r 



uLuLitl 






( T ) j ^j tt 3lAjL2^l 



.^^ijjjjJI (_L»JI JJ j-Ia-LlLi LiLliL».J 4^ej^> foja Jl^=G /<u LJLlII SlwnVI foe i_^| 



:1 



tr 



4_pLijj3 j /^lj U. ^_ Cj Ij-i— tJ (ja/LjS (_ T -ic- ' 3 ' I'* 4r- 'J ' J— ^ ' **— ^J^ jjLfill "j J - *" p lajua _L_<i1l*j 



S ^Jt La (aJJi^ta 



:Y. 



tr 



1 /— S-Uj ' ' j" "J Q) ' ' '' 2j-iL*-a » j Iaj i •■" ' ^ 



^= 



:T 



tr 



: (jr L La i-3j^i 



.(_£jlj^>JI rlj-ij^l t 4-Li.i.alII AJalajJI i (jilal ,1 ilaJLJa] 



:£ 



O" 



S <L)_aIajJI ^jj/LlSJ jjlj-* 3 ^J^Ll («-£>! j^=M 



:0 



<_>■" 



S jj-a_aJU! ,j-<j HaJf 4j>Li j^=j| 



:\ 



O" 



S Lj-ib La t^'ni rnlj j^j-I^Ll>3 /yic JJ^JlLJI (JjuLA j <Ulj_i_u (JjjLjJ9 J-qTiaj 



^ .A 



c si Alii 'iluS« 'iu>u w wLti uLuLuDl i liinOjJUjy 



( ^ )(^j^jlUljLu?-V!AJb-l 



^ 



j ;ajlj^>JI 4_»-j.} i sjJiJI i (Jj : <_P- a ^rP'dj-f 2 ,d ^l^~~'^ ( <Laj.Lt.a ) OJi^ta 4-q_l3 JlJ Juso jjfc ?^j/il j^tl 

^ & jl 1 1 j i uLJa -slj-tl SjjJlLII cjL_ui^=JI j j-iiil cjUIjJs (j'V * jj*J*j^ 4Ja}L»JI -sL^jJ (j^ :SjjL«J,I 

CjUIj_2JI JlJLJ jl <_ )^J9 (_£ JuO <L3j_tt till j J itl>.J_U (_■,<! I n < (jj^-S >*■' j^-* - >■" (^J^" ' "U j J 7" <^J U lj^9 Jo-uis 

■ 4-a-j-r >,->1l S*ljJi]l (j£. 

.^jjjLlSJI ^j^a 4 I -a- 1 nU 4 -v^" J 4_uLiiL>JI 4 aj-aJI (j-u jjjjiJI _jjk t/juiLuill LLai>. 

:SjjL«i,l 4-lL^1 dlj^-l 1—^jTll.uJ ^pJI <_fll JukVI j (jlalj^V! 

.4.) *-^uJtl LlaitU u LtaJSaM Ju»JI iajjJL i-dJi j 4-L.t.a «L»jJa £j£. ^^J jl <_P" 4.^-^ aIjJlII 

.4j3jJ| £ys ii^=L^4 4j>.jJ ^^Lll Jl »Uaa.2fl 4^jt_« - Y 
.4jic CjI Ml r|-»-"ltl «.ljj>.| J d , ..AS ^jj/Ll2J| jl^>- jjjuLojJjLA (_yic (J J Lt^>J I - T 










A - 1 ft = 0.304 m 

1 m 2 = ( 1/0.304) 2 ft 2 

B - 1 lb m = 0.4536 kg 
1 kg = ( 1/0.4536 ) lb„ 



C-F°=1.8C° + 32 
= 1.8(30) +32 
= 86 

D - 1 bar = 14.5 psi 
2bar = 2(14.5)psi 
= 29 psi 
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.( aLo ^ ) j^gjl i uJ 4J9J U j ^£H-ll "J La i u 1 . 1 — \ 
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AwJUJISi^JI Jjj ^ "Y l jaiaeuJ\ 

c si Alii 'iluS« 'iu>u w wLti uLuUdJI i liinOjJLijy 




( T )(^j^jlUljLu?-Vajb-l 

: ijJLlII Cj Ij-Ltll I (^Jt>-J (j-uLfS (jr^ 1 ^ "T* 4r *jl>^' ^■J- 5 <J-"W^ *>4^' p^* " J>-"d-t3 
.AjjLc. J I 4-JLa ji aJjL-u CxJL^a *lj-"-u jljjJJ (jSil o^—WI j JJtAj]L^= jLiJ^I jg-j-j-*^ — ^ 

Luj-^aJI LajLHI I|_j-L«l!| — Y 

tj- 1 aXLJca (j-uujLta (Jl ot"n ul 4^c-lL) 4_l)I 'j j^—* " 4jl3I jJI SjJiJI — V 

•(j^>-l i nil /<> i »-> II ^j_« j m i^sll f-\ i ntX) (j^J J Ij^uu ^—^.lATdl — £ 

Ij-fl^La (_£jL_uJ (JjJLsJkl I Job Jius ajlj_»- Aj>-jJ (j| <^~^>- (JmJj-^W /t£-II J <jr^' *^' Lh° (Jj-'- 16 - 4r — ^ 
4_»-jJ 4-jLa t_gjl i n" Jlj>-Ij (^J^>- JaJLLa Jtl£. J (_yJ-*-l' *Ll' Sjl \A 4^-j.i (j| '.t-^p- (_y-L*- a (jr^- 1 * 4r — ^ 

. ( Zero Pressure ) \jJuus ^j\-u±s Ja ♦ < a Jl aj^oJ (j^LHI ,U:,^tl j^ • jlUtl ,U;,MI 
jLiJI » i iu,"it LajMJI *UI jL>o 'm^- * Jl jLill IL. *UI jL>o ^-i^-— dru Aj-i-olII ^^ : 4-u.mlJI aj^LjJI 

■CjI" i n Jua^-uJ I jl j - *- a! Jljt" i «il_ i — 1 
.4_u^p^=J^(l J 4_ul_lj^^=JI 4-i-ul i if*\\ jj-al_L«JI aI JiitL-uL) — Y 

c\l ^ 1 1 j~ ^jj ^-.^. , „ ^1 JlJt" i iiL) — Y 
_ \ \ \ _ 
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glkltfil 


<^4l 


Bimetallic Strip Thermometer 


j^jlLI £>}>U jiaj^UI 


Steady State 


jljrt"n<tVI 4JU- 


Blower 


A^j^I 


Thermocouples 


lSA^ 1 £1^ 


Wheatstone Bridge 


(JL9™ ' "10 * M"'^ 


Atmospheric Pressure 


jj^j-^tl , U-ii ,>.U 


Absolute Pressure 


^lUtl.Ui.rttl 


Absolute Humidity 


2^IUtl 2(jUjtl 


Relative Humidity 


4 1 1 uMll <U^Uj_JI 


Dew Point 


^. titj 3UJ", 


Dry Bulb Temperature 


£aL>JI 2jlj^>JI i>.jj 


Wet Bulb Temperature 


AjUjJI SjIj^kJI <L>.J.i 


Psychrometric Chart 


<iji»" «JJJ <^-> I . .. U A t-.^j ->. tl 


Continuity Equation 


Ajjljfl",,!^?! 4jjLtd 


Incompressible Flow 


lUI » i^*<\l 1 (JjLS j_<£. «_jLo 


Venture 


^jj^ilAJI 


Orifice 


4_4> a <3 1 1 
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. \ \\°\ i 2j_4>L2JI — *_jjjlLtl j > mi (It j^tAll j I j ( 2j_iLtil j ^jj/LlSJI 2j^>-l t t _-»yL>- ) _ / ^— »j j^>. I — \ 

i A l'~~ 4j " ^~*^ <Lu/ JtljJ I ^_ (j uLtaJI a j j - *- 1 j t_ujLm| t i^ulI) i iitl ^jj/LlC Ju«j>. I 4_«j>.^j c ^-jj^u -7T -J — T 

. ^ 'VIA i ijJt[2i\ - ^Jj l^XI 4 ua^ill ijli^aua 

3 - Ernest O. Doebelin, Measurement Systems Application and Design, Fourth 
Edition, McGraw-Hill, 1990. 

4 - Douglas, Gasiorek, Swaffield; Fluid Mechanics, Pitman Publishing 
Limited, London; 1979. 
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jLlu! a Jt^i |_jjjLl3 a jL>-a 

(JjjLlSJI Jl-ls-^jjJ 4_JjjJI 4 o La ' 1 1 
2^SJl ^jj/Lj^ «Jl>-j 

(Jt ("ill (jjjl_lJ9 «Jl>-J 

ajJuUI jjjjLj^ «Jl>-j 

(^yjLlj^^aJI J (j -> 1 1 (j-"LiS «Jl»-J 

LajLiil jjjjLjS «Jl>-j 

JaJLuaJ I ^j-uLiJi 2jo~j 

2\~'^— i tl (jj/LiS «Jl>-j 

LLaJJl 4-4-L3 

4 I I 111 ( (l~> ll 

ILaaLill 
Sail I 

^jj>J| i La » i ia 1 1 

*_jj_djjl i La » i a 

^jj>J| i La ♦ i a 1 1 4 i i (i \ (jjjLaW daJi LaJI 

A^li^-,11 

i_uJiL>JI dulii 

4|-,^tl 



>yl 



RTD 

Kg 

A 

K 

ISO 

N 

J 

W 

V 

Ohm 

Pa 

ft 

E 

S 

R 

T 

F 

A 

"abs 

p 

x atm 

P 

x vac 

P 

g 

m 
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4_i£.j_LJI AjjIsjJI 

4 J [ ( nitl A-ljlojJI 

4-g.j int I 
(jr L«-iII Jj^JilJI (J^*-* 3 

llULoJI «j|>>- ^>-j-i 

^jUI SjI^- 4^j_> 






t^LcJI 


.Ui 


,MI 


c^=JI 


,Ui 


,MI 


^.flllutl 


,Ui 


,MI 



00 

m air 
m v 

m v,sat 

Pv 

p 

x v,sat 

Q 

v 

Qth 

Qact 

c d 

T w 

T f 

h 

Pst 

"tot 

*ayn 
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JLlf&l ijJ^' T jaiaADI 

Y jjj/LlSJI 4 jo flj 

\0 i_uj_a]| Cjlji iLajJill 

Y^ Ajjljitl (Jj/LlIII <_JIjS 

Y A ^La^a^-uJI 4 la ■ ul aj SjI^jsJI 4_»-j.i ^jjjLjJ9 

YV ^LwjJI^j^iJI 

X * 1 1- » . ^- 1 1 j~ua^jaj-a 

XX (JJulII ^jJjJU^p-aj-a^-uJI 

Y£ (JJulJLI ^IJj^Laj^jiiJI 

£^ 4-Uj j^~- ?! iLajLSJLI 4 U. , „lj » SjIj^kJI <L>-j.} (J-uLjS 

£0 ^j_i_u^_«^_<ILj I a l- , u| aj 2jl^>JI 4_»-j.i ^jj/LlS 

£A i£j^' .U;,^t| 

£^ >^UI 

OY ^LajjlXI i>l Jiir" i iiU JaJi iJaJI (jjjl_iJ9 

oJJ J^JLi 2jjUII 

d^LrtllSJbjJI 
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